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Keys  to  the  Mammals  and  Mammal  Skulls  of  the 
Northern  Coastal  Plain  of  Virginia 

John  F.  Pagels\  Department  of  Biology, 

Virginia  Commonwealth  University,  Richmond,  VA  23284 
A.  Scott  Bellows,  Department  of  Biological  Sciences, 

Old  Dominion  University,  Norfolk,  VA  23529  and 
Joseph  C.  Mitchell,  Department  of  Biology, 

University  of  Richmond,  Richmond,  VA  23173 

ABSTRACT 

This  publication  is  designed  to  function  as  a  tool  for  the  identification  of  the 
mammal  species  that  occur  on  the  Coastal  Plain  of  northern  Virginia.  We 
provide  whole-body  and  skull  keys  to  the  40  species  that  occur  in  this  region. 
Baseline  data  for  this  work  were  collected  during  several  studies  conducted 
on  Fort  A.  P.  Hill,  Caroline  County.  The  intended  audience  includes  interested 
naturalists,  teachers,  students,  field  biologists,  and  natural  resource  managers. 

INTRODUCTION 

These  keys  address  all  native  land  mammal  species  with  geographic  ranges  that 
include  Fort  A.  P.  Hill  (APH),  Caroline  County,  Virginia,  and  nearby  portions  of  the 
northern  Coastal  Plain.  The  species  are  representative  of  the  mammal  fauna  of  the 
northern  Coastal  Plain  of  Virginia.  APH  is  centered  approximately  77°  15’  N  and  38° 
05’  W  and  is  about  15  km  east  of  the  Fall  Line— the  boundary  between  the  Piedmont 
and  Coastal  Plain  physiographic  regions.  The  current  landscape  consists  of  a  mosaic 
of  managed  habitats  that  range  from  old  field  to  mature  hardwood  forest  (Mitchell  and 
Roble,  1998;  Bellows  et  al,  2001c).  Baseline  data  for  this  work  were  collected  as  part 
of  several  studies  conducted  on  APH  (e.g..  Bellows  et  al.,  1999;  Bellows  and  Mitchell, 
2000;  Bellows  et  al.,  2001a,  2001b).  Bellows  et  al.  (2001c)  provide  descriptions  of  the 
biologies,  ecologies,  and  distributions  of  the  40  indigenous  species  we  address  herein, 
as  well  as  descriptions  of  watershed  drainages,  climate,  and  habitats  of  the  region.  The 
presence  of  38  mammal  species  on  APH  has  been  verified  through  direct  observation 
or  voucher  specimens.  One  bat  species,  Myotis  austroriparius,  was  identified  by 
examination  (ASB)  and  by  photograph  (David  Webster,  University  of  North  Carolina 
at  Wilmington).  Mustela  frenata  has  not  been  captured  or  observed;  however,  APH  is 
well  within  its  geographic  range  (Hall,  1981)  and  its  presence  on  the  post  is  likely.  The 
range  of  another  species  included  in  the  keys,  Blarina  carolinensis,  does  not  include 
APH,  but  it  is  found  nearby  to  the  north  and  east  in  the  Northern  Neck  (Tate  et  al., 
1980;  Pagels  and  French,  1987).  Native  species  Sigmodon  hispidus  and  Ochrotomys 
nuttalli  with  range  limits  nearby  the  project  area,  as  well  as  the  known  introduced 
species  Rattus  rattus,  R.  norvegicus,  and  Mus  musculus,  are  not  included  herein.  These 
species  are  described  in  Bellows  et  al.  (2001c). 


1  Corresponding  author;  (Phone)  804-828-0076,  jpagels@mail  1  .vcu.edu 
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MAMMALS  DESCRIBED  IN  THE  FOLLOWING  KEYS 
Notations  on  abundance  are  based  on  various  studies  at  APH  unless  otherwise 
noted.  Vernacular  names  follow  Jones  et  al.  (1997). 

Didelphis  virginiana,  Virginia  opossum  (common) 

Sorex  hoyi,  pygmy  shrew  (common) 

Sorex  longirostris,  southeastern  shrew  (common) 

Blarina  brevicauda,  northern  short-tailed  shrew  (abundant) 

Blarina  carolinensis,  southern  short-tailed  shrew  (see  text  above) 

Cryptotis  parva,  least  shrew  (common) 

Scalopus  aquaticus,  eastern  mole  (probably  common,  but  rarely  captured) 
Condylura  chstata,  star-nosed  mole  (uncommon,  rarely  captured) 

Myotis  austroriparius,  southeastern  myotis  (rare) 

Myotis  septentrional  is,  northern  myotis  (common) 

Myotis  lucifugus,  little  brown  myotis  (common) 

Lasiurus  borealis,  eastern  red  bat  (migratory  [Shump  and  Shump,  1982],  abundant) 
Lasiurus  cinereus,  hoary  bat  (migratory  [Zinn  and  Baker,  1979],  uncommon, 
rarely  captured) 

Lasionycteris  noctivagans,  silver-haired  bat  (migratory  [Handley  and  Patton, 
1947],  uncommon) 

Pipistrellus  subflavus,  eastern  pipistrelle  (common) 

Eptesicus  fuscus,  big  brown  bat  (abundant) 

Nycticeius  humeralis,  evening  bat  (uncommon) 

Sylvilagus  floridanus,  eastern  cottontail  (abundant) 

Tamias  striatus,  eastern  chipmunk  (uncommon) 

Marmota  monax,  woodchuck  (abundant) 

Sciurus  carolinensis,  eastern  gray  squirrel  (abundant) 

Glaucomys  volans,  southern  flying  squirrel  (common) 

Castor  canadensis,  American  beaver  (abundant) 

Oryzomys  palustris,  marsh  rice  rat  (uncommon,  rarely  captured) 

Reithrodontomys  humulis,  eastern  harvest  mouse  (uncommon) 

Peromyscus  leucopus,  white-footed  mouse  (abundant) 

Microtus  pennsylvanicus,  meadow  vole  (common) 

Microtus  pinetorum,  woodland  (pine)  vole  (probably  common,  rarely  captured) 
Ondatra  zibethicus,  common  muskrat  (common) 

Zapus  hudsonius,  meadow  jumping  mouse  (common) 

Canis  latrans,  coyote  (uncommon) 

Vulpes  vulpes,  red  fox  (uncommon) 

Urocyon  cinereoargenteus,  common  gray  fox  (common) 

Procyon  lotor,  common  raccoon  (common) 

Mustela  frenata,  long-tailed  weasel  (not  observed  but  likely  present  [Hall,  1981]) 
Mustela  nivalis,  least  weasel  (rare) 

Mustela  vison,  American  mink  (uncommon) 

Lontra  canadensis,  northern  river  otter  (uncommon) 

Mephitis  mephitis,  striped  skunk  (common) 

Lynx  rufus,  bobcat  (rare) 

Odocoileus  virginianus,  white-tailed  deer  (abundant) 

ANNOTATED  KEY  TO  THE  MAMMALS 
This  key  relies  heavily  on  external  features,  particularly  selected  measurements 
(Fig.  1),  coloration,  and  certain  easily  viewed  features  of  the  skull.  All  morphological 
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characteristics  are  evident  or  can  be  measured  on  whole  or  partial  specimens.  Magni¬ 
fication  may  be  required  in  some  instances  (e.g.,  examination  of  shrew  dentition). 
Unless  the  term  “total”  is  used,  numbers  of  teeth  refer  to  the  upper  and  lower  teeth  in 
one-half  of  the  jaw.  For  example,  when  describing  the  number  of  incisors  in  the 
Virginia  opossum,  5/4  means  five  upper  incisors  on  one  side  and  four  lower  incisors 
on  one  side  (or  a  total  of  10  upper  incisors  and  eight  lower  incisors).  Other  usefiil 
characteristics  are  described  in  the  key  or  on  the  figures  when  first  used. 

KEY  TO  THE  ORDERS  OF  MAMMALS 

la.  Hind  foot  with  thumb-like  first  toe,  opposable;  marsupium  present  in  fe¬ 
males;  incisors  5/4 . .  (Marsupialia)  Didelphimorphia 

lb.  Hind  foot  first  toe  not  thumb-like  or  opposable;  marsupium  not  present  in 

females;  incisors  never  more  than  3/3  .  . . .  2 

2a.  Forelimbs  modified  as  wings,  for  flight;  skull  small,  greatest  length  about 
20  mm  or  less;  a  large  U-shaped  opening  in  rostrum  (snout)  between  one 

or  two  incisors . . . Chiroptera 

2b.  Forelimbs  not  modified  as  wings;  skull  very  small,  <  10  mm  to  large,  deer 

size;  upper  jaw  complete  without  U-shaped  opening  in  rostrum  ........  3 

3a.  Feet  with  hooves;  upper  incisors  absent . .  Artiodactyla 

3b.  Feet  with  claws;  upper  incisors  present . 4 

4a.  Canines  absent,  toothrows  with  a  conspicuous  diastema  (Fig.  2 A),  speci¬ 
mens  with  and  without  a  diastema;  size  from  very  small  mice  and  voles  to 

rabbits  and  the  beaver . . . .  5 

4b.  Canines  present,  toothrows  with  no  conspicuous  diastema  (Fig.  2B);  total 
length  ranges  from  very  small,  approx.  70  mm  (pygmy  shrew)  to  nearly 
1200  mm  (coyote)  .  . . . . . . 6 

5a.  Incisors  2/1,  second  upper  incisor  a  small  peg  behind  first;  ears  much 

longer  than  tail  . . .  Lagomorpha 

5b.  Incisors  I/l;  ears  much  shorter  than  tail . Rodentia 

6a.  Canines  nearly  equal  in  size  to  adjacent  teeth;  incisors  not  3/3;  body  size 

small  (<  100  g)  . . . . .  Insectivora 

6b.  Canines  noticeably  larger  than  adjacent  teeth;  incisors  3/3;  range  in  size 

from  <65  g  (least  weasel)  to  40-200  kg  (black  bear) .  Carnivora 

KEY  TO  THE  GENERA  AND  SPECIES  OF  MAMMALS 

I.  Order  Didelphimorphia  (Marsupialia).  Although  marsupials  traditionally  were 
placed  in  the  single  Order  Marsupialia,  several  orders  are  now  recognized  (Gardner, 
1992).  The  Virginia  opossum  is  the  only  native  North  American  didelphid  north  of 
Mexico  (Gardner,  1982). 

. .  Virginia  opossum,  Didelphis  virginiana 

II.  Order  Insectivora.  The  Order  Insectivora  is  a  large,  diverse  order  with  repre¬ 
sentatives  found  throughout  much  of  the  world.  Virginia  representatives  of  this  order 
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are  moles  and  shrews.  Moles  are  easily  recognized  by  their  extremely  enlarged 
forefeet,  an  adaptation  for  their  fossorial  or  burrowing  mode  of  locomotion.  Shrews 
are  well  known  for  their  small  size  and  long,  pointed  snouts.  Shrew  and  mole  skulls 
are  rarely  found  but  sometimes  appear  in  owl  pellets  (Rageot,  1957;  Jackson  et  al., 
1976),  and  shrew  skulls  are  often  found  in  discarded  glass  bottles  (Pagels  and  French, 
1987). 

la.  Forefeet  greatly  enlarged,  >  6  mm  across  palm,  adapted  for  digging;  no 


ear  pinna  (flap)  . . .  (moles)  2 

lb.  Forefeet  not  greatly  enlarged,  <  6  mm  across  palm;  ear  pinna  present 

though  greatly  reduced  in  most  species  . . .  (shrews)  3 


2a.  Nose  plain;  tail  length  relatively  short  (<  45  mm) 

. .  eastern  mole,  Scalopus  aquations 

2b.  Each  nostril  surrounded  by  1 1  slender,  fleshy  appendages;  tail  length  >  45 
mm,  spindle  shaped,  diameter  near  middle  greater  than  near  base  and  tip 
.  star-nosed  mole,  Condylura  cristata 


3  a.  Tail  short,  <  25  %  of  total  length;  pinna  greatly  reduced . .  4 

3b.  Tail  length  >  30  %  of  total  length;  pinna  visible  above  the  hair  . 6 


4a.  Size  small,  total  length  <  85  mm;  coloration  brownish;  four  unicuspid 

teeth,  three  visible  in  lateral  view  (Fig.  3  A) . least  shrew,  Crypt otis  parva 

4b.  Relatively  stocky  body  form,  total  length  84-125  mm;  coloration  slate 
gray  to  nearly  black;  five  unicuspid  teeth,  four  visible  in  lateral  view 
(Fig.  3B) . . . . . 5 

5a.  Size  relatively  small,  total  length  about  84-107  mm,  average  total  length 

96  mm  .............  southern  short-tailed  shrew,  Blarina  caroiinensis 

5b.  Size  relatively  large,  total  length  about  100-125  mm,  average  total  length 
1 14  mm  (Fig.  4B,  B.  caroiinensis  nearly  identical  except  smaller) 
. northern  short-tailed  shrew,  Blarina  brevicauda 

6a.  Size  very  small,  total  length  <  80  mm;  tail  relatively  short,  about  27  mm; 
skull  slender  and  flattened;  only  three  of  the  five  unicuspid  teeth  (1,2,  and 

4)  visible  in  lateral  view  (Fig.  3C) . .  pygmy  shrew,  Sorex  hoyi 

6b.  Small  long-tailed  shrew;  total  length  generally  80-85  mm;  tail  about  33 
mm;  four  of  the  five  unicuspid  teeth  visible  in  lateral  view  (Fig.  3D) 

. . southeastern  shrew,  Sorex  longirostris 


III.  Order  Chiroptera.  The  Order  Chiroptera  (bats)  is  the  second  largest  of  all 
mammalian  orders  with  more  than  900  species.  Bats  are  unique  in  that  they  are  the 
only  mammals  capable  of  true  flight.  All  bats  are  easily  distinguished  from  other 
mammals  by  the  presence  of  their  “hand-wing.”  All  species  within  the  region  are 
members  of  the  Family  Vespertilionidae. 
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la.  Interfemoral  (tail)  membrane  thickly  ftirred  dorsally  over  entire  surface  or 
for  basal  half  or  more;  hairs  on  back  not  of  uniform  coloration,  often 

tipped  white  . . . . .  2 

lb.  Interfemoral  membrane  nearly  naked  dorsally  or,  if  furred,  near  base  only; 

hairs  on  back  with  uniform  shade  ofbrown,  never  tipped  with  white  .....  4 


2a.  Dorsal  surface  of  interfemoral  membrane  not  heavily  furred  to  the  tip;  gen¬ 
eral  coloration  very  dark  brown  to  blackish  with  hairs  on  back  tipped  with 
white;  calcar  not  keeled  (Fig.  5) 

. . . . silver-haired  bat,  Lasionycteris  noctivagans 

2b.  Dorsal  surface  of  interfemoral  membrane  heavily  furred  from  base  to  tip; 
general  coloration  not  dark  brown  to  blackish;  whitish  shoulder  patches; 
calcar  keeled  (Fig.  5)  . . . . . . 3 

3a.  General  coloration  reddish  or  reddish-yellow;  males  brighter  red  and  less 
frosted  than  females;  length  of  forearm,  (Fig.  5)  <44  mm. 
.........................  eastern  red  bat,  Lasiurus  borealis 

3b.  General  coloration  gray  with  hairs  tipped  with  white,  giving  a  frosty  ap¬ 
pearance;  length  of  forearm  50  mm  or  greater  ....  hoary  bat,  Lasiurus  cinereus 

4a.  General  coloration  dark  brown  dorsally,  paler  ventrally;  forearm  length  > 

40  mm;  calcar  keeled  ...............  big  brown  bat,  Eptesicus  fuscus 


4b.  Forearm  length  <  40  mm . 5 

5a.  Tragus  long  and  moderately  to  sharply  pointed  (Fig.  6A) . .  6 

5b.  Tragus  short  and  blunt  (Fig.  6B)  . . . .  8 


6a.  Pelage  brown  dorsally  and  paler  ventrally  and  lacks  a  glossy  appearance; 
ears  reach  >  2  mm  beyond  tip  of  snout  when  laid  forward;  calcar  keeled 

. . . . northern  myotis,  Myotis  septentrionalis 

6b.  Ears  reach  only  to  tip  of  snout  when  laid  forward  ................  7 

7a.  Face  usually  black;  fur  long,  glossy,  and  dark  brown  above;  calcar  not 

keeled  ..................  little  brown  myotis,  Myotis  lucifugus 

7b.  Face  pinkish,  fur  dull,  woolly,  and  grayish  brown  above  (but  highly  vari¬ 
able,  when  in  doubt  likely  a  little  brown  myotis);  calcar  not  prominently 
keeled  ................  southeastern  myotis,  Myotis  austroriparius 

8a.  Sparse,  dull  brown  fur;  forearm  >34  mm;  relatively  short,  leathery  ears; 

calcar  not  keeled  . . evening  bat,  Nycticeius  humeralis 

8b.  Fur  soft,  brownish-yellow;  forearm  <  34  mm;  ears  (and  flight  membranes) 
reddish  brown;  forearm  pinkish  colored;  calcar  not  prominently  keeled 
. . . . . eastern  pipistrelle,  Pipistrellus  subflavus 


IV.  Order  Lagomorpha.  The  Order  Lagomorpha  contains  rabbits,  hares,  and  pikas. 
The  eastern  cottontail  is  characterized  by  enlarged  ears,  a  small  fluffy  tail  that  is  white 
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on  the  underside,  and  enlarged  hind  limbs  that  are  adapted  for  a  jumping  (saltatorial) 
locomotion 

. . . eastern  cottontail,  Syiviiagus  floridanus 

V.  Order  Rodentia.  The  Order  Rodentia,  the  largest  of  all  mammalian  orders, 
includes  among  others,  squirrels,  rats,  mice,  and  voles.  Adapted  for  gnawing,  a  special 
feature  of  rodents  is  the  presence  of  an  upper  and  lower  pair  of  ever-growing  incisors 
behind  which  there  is  a  large  diastema,  or  space,  that  separates  the  incisors  from  the 
cheek  teeth. 

la.  Very  large,  up  to  1,200  mm;  tail  naked,  dorso ventral ly  flattened,  and  very 
wide;  second  toe  on  hind  foot  has  a  double  claw 

. . . . .  American  beaver.  Castor  canadensis 


lb.  Rodents  of  various  sizes;  tails  variously  shaped,  but  never  dosorventrally 

flattened  or  noticeably  wide . 2 

2a.  Uppers  incisors  with  a  longitudinal  groove;  size  small  only;  mouse-like 

forms . 3 

2b.  Uppers  incisors  without  a  longitudinal  groove;  size  from  small  mouse-like 

to  large  (woodchuck) . 4 


3  a.  Pelage  dark  brown  with  a  darker  mid-dorsal  stripe;  total  length  of  adults 
about  120-140  mm;  tail  less  than  1/2  total  length;  hind  limbs  not  adapted 
for  jumping  locomotion  .  .  .  .  QdLSXtmhMVQsXmomQ,  Reithrodontomys  humulis 
3b.  Longitudinal  dorsal  band  on  pelage  of  yellow  and  darker  brown  hairs;  to¬ 
tal  length  about  190-210  mm;  tail  much  longer  than  1/2  total  length;  hind 
limbs  large,  adapted  for  saltatorial  locomotion 
. . meadow  jumping  mouse,  Zapus  hudsonius 

4a.  Tail  bushy,  individual  hairs  of  tail  much  greater  in  length  than  diameter  of 


tail  core  (vertebrae,  skin  and  associated  structures)  . . 5 

4b.  Tail  not  bushy,  ranging  from  nearly  hairless  to  covered  with  very  short 

hairs  . . . . .  .  8 


5a.  Pelage  gray  dorsally  and  paler  below;  fold  of  skin  (patagium)between 
hind  and  front  legs  that  terminates  at  wrists  and  ankles;  adapted  for 

gliding . .  southern  flying  squirrel,  Glaucomys  volans 

5b.  No  fold  of  skin  between  hind  and  front  legs;  not  adapted  for  gliding . 6 

6a.  Pelage  reddish-brown  to  yellowish  with  two  lateral  pairs  of  darker  stripes 
on  back;  relatively  small,  <  270  mm  total  length 

. . .  . . .  eastern  chipmunk,  Tamias  striatus 

6b.  No  stripes  on  back;  relatively  large,  >  300  mm  total  length . 7 

7a.  Pelage  gray  to  reddish-brown  dorsally,  paler  ventrally;  very  large  and 
stocky,  up  to  675  mm;  tail  short,  approximately  25%  or  less  of  total  length 
. . .  .  woodchuck,  Marmota  monax 
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7b.  Pelage  gray  dorsally  and  white  below;  relatively  slender  body;  tail  very 

bushy,  long,  >  50%  total  length  .  .  .  eastern  gray  squirrel,  Sciurus  carolinensis 


8a.  Body  rat-like,  or  very  large  mouse;  long  tail;  hind  foot  >  27  mm . .  .  9 

8b.  Body  mouse-like;  tail  may  be  long  or  very  short;  hind  foot  <  27  mm  .  .  .  .  .  10 


9a.  Large,  approximately  600  mm  total  length;  tail  laterally  compressed; 
dense  underhair  covered  by  coarse  guard  hairs;  general  coloration  some¬ 
what  variable,  from  chestnut  brown  to  nearly  black 

. common  muskrat,  Ondatra  zibethicus 

9b.  Pelage  gray  dorsally  and  buff  to  white  ventrally;  relatively  small  rat,  to 
about  255  mm  total  length;  tail  round,  scaly,  and  with  few  hairs 
.  marsh  rice  rat,  Oryzomys  palustris 

10a.  Mouse-like  form  with  long  tail,  slightly  <  50%  total  length;  upper  colora¬ 
tion  of  adults  grayish-brown  to  orangish-brown  (young  are  uniformly  gray 
above);  coloration  of  underparts  and  feet  (young  and  adults)  is  white,  and 
strongly  contrasts  with  upper  coloration 

. .  white-footed  mouse,  Peromysciis  leucopus 

10b.  Mouse-like  forms  with  short  tails,  <  30  %  total  length;  ventral  coloration 
somewhat  paler  than  dorsal  pelage  but  contrast  is  not  great  and  no  sharp 
line  of  demarcation  between  the  two  . . . .  1 1 

1  la.  Tail  very  short,  approximately  the  length  of  the  hind  foot;  pinnae  and 
eyes  small;  chestnut-colored  fur  very  soft 

. . woodland  (pine)  vole,  Microtus  pinetornm 

1  lb.  Medium  size  with  tail  approximately  2x  the  length  of  the  hind  foot;  dor¬ 
sal  coloration  dark  brown  to  nearly  black,  underparts  gray;  hair  relatively 
long  and  coarse  . .  meadow  vole,  Microtus  pennsylvanicus 


VI.  Order  Carnivora.  The  Order  Carnivora  contains  a  relatively  diverse  group  of 
mammals  including  bears,  the  common  raccoon,  foxes,  dogs,  cats  and  their  allies, 
weasels,  and  skunks.  Although  diverse  in  form  and  size,  all  carnivores  possess  a  total 
of  six  upper  and  six  lower  incisors,  and  distinctly  enlarged  upper  and  lower  canines. 

la.  Face  with  distinct  black  mask;  tail  with  alternate  dark  and  light  rings 

. .  common  raccoon,  Procyon  lotor 

lb.  Face  without  black  mask;  tail  without  rings  . . 2 

2a.  Nearly  all  black,  or  black  with  two  white  stripes  on  back 

.  . . . .  striped  skunk,  Mephitis  mephitis 

2b.  Coloration  not  black,  generally  brown  or  some  shade  of  brown  above  and 


pale  brownish  to  whitish  below  .........................  3 

3a.  Tail  short,  <  25%  total  length  .  . . . . 4 

3b.  Tail  >  25%  total  length  . . . . . . 5 
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4a.  Very  small,  total  length  approximately  200  mm;  legs  short;  body  slender 

. . . . . least  weasel,  Mustela  nivalis 

4b.  Relatively  large,  total  length  >  700  mm;  legs  long;  cat  form 

. . .  .  bobcat,  Lynx  rufus 

5a.  Body  form  fox-  or  wolf-like;  legs  relatively  long;  tail  long  and  bushy  from 

near  base  to  tip  . . . . .  6 

5b.  Body  form  slender;  legs  relatively  short;  tail  furred  but  hairs  not  conspicu¬ 
ously  long  and  bushy . .  . . .  8 

6a.  Upper  coloration  reddish  yellow,  belly  white,  feet  black,  and  yellowish 

tail  tipped  with  white  .  . . red  fox,  Vulpes  vulpes 

6b.  Upper  coloration  grizzled  grayish  and  without  white  tail  tip . 7 

7a.  Total  length  <  1000  mm;  hind  foot  about  135  mm;  upper  coloration  gray 
blending  to  reddish  on  the  sides;  tail  blackish  near  tip 

. .  common  gray  fox,  Urocyon  cinereoargenteus 

7b.  Total  length  >  1000  mm;  hind  foot  about  180-200  mm;  upper  coloration 

grayish  throughout  including  tail  and  tip  of  tail . coyote,  Canis  latrans 

8a.  Total  length  of  adults  approximately  1000  mm;  tail  long  and  very  thick  at 
base;  toes  of  front  and  hind  feet  webbed 

. . . .  northern  river  otter,  Lontra  canadensis 

8b.  Total  length  of  adults  <  600  mm;  tail  not  conspicuously  thick  at  base;  toes 

not  webbed . 9 

9a.  Upper  and  underparts  uniform  glossy  brown  except  for  white  spots  some¬ 
times  on  chin  and  throat;  tail  length  >  175  mm  .  American  mink,  Mustela  vison 
9a.  Upper  parts  brown;  tip  of  tail  black,  underparts  white  to  yellowish  white; 
tail  length  <  1 60  mm . .  long-tailed  weasel, 


VII.  Order  Artiodactyla.  The  Order  Artiodactyla  contains  the  even-toed  ungulates, 
i.e.,  cattle,  swine,  antelope,  deer,  elk,  moose,  and  others.  The  only  artiodactylan  known 
from  APH  is  the  white-tailed  deer.  This  species  is  characterized  by  its  rows  of  spots 
when  very  young  and  the  branched  antlers  of  adult  males 

. white-tailed  deer,  Odocoileus  virginianus 


ANNOTATED  KEY  TO  THE  SKULLS  OF  SELECTED  MAMMALS 
Our  key  to  skulls  of  mammals  of  Virginia’s  northern  Coastal  Plain  includes  all 
native  species  known  from  the  area.  Some  of  the  species  are  rarely  found  in  the  field. 
A  few  characteristics  used  in  this  key  were  also  used  in  the  general  key,  most  notably, 
skull  size  and  dentition.  When  unresolvable  questions  on  identification  arise,  an  expert 
should  be  consulted.  Because  the  lower  jaw  is  often  missing  from  specimens  found  in 
natural  situations,  in  most  cases  the  key  applies  only  to  the  upper  portion  of  the  skull. 
Select  characteristics  may  apply  to  the  nearly  whole  skull,  but  sometimes  only  to  the 
dentition  or  the  cranial  (braincase)  or  rostral  (snout)  portions  of  the  skull.  Certain 
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measurements  and  several  characteristics  of  the  dentition  are  helpful  with  identification 
of  mammal  skulls.  These  include  numbers  of  teeth,  the  presence  or  absence  of  certain 
teeth  (e.g.,  canines,  incisors),  and  the  shape  and  pattern  of  the  crown  and  surface  of  the 
teeth.  Most  special  features  are  described  when  first  used  in  this  key.  Except  for  species 
that  lack  certain  teeth  or  groups  of  teeth,  the  anteriormost  teeth  are  the  incisors,  followed 
by  the  canines,  and  then  the  premolars  and  molars  (Fig.  2).  Premolars  and  molars  are 
referred  to  as  the  molariform  or  cheek  teeth.  Many  species,  but  notably  all  rodents  and 
lagomorphs,  lack  canines  and  instead  there  is  a  large  diastema  (gap)  between  the 
incisors  and  the  molariform  teeth  (Fig.  2). 

Age  at  death  can  often  be  a  confounding  factor  when  identifying  a  specimen.  Y oung 
of  many  species  leave  the  nest  when  they  are  much  smaller  than  adults  and  a 
measurement  may  suggest  that  it  is  a  species  different  from  the  one  under  examination. 
If  that  is  suspected,  it  is  often  helpful  to  examine  the  dentition  and  sutures  (joints 
between  bones  of  the  skull).  In  young  individuals,  teeth  show  little  or  no  wear,  some 
juvenile  teeth  may  still  be  present,  and  the  sutures  are  incomplete  or  “loose;”  individual 
bones  of  the  skull  are  highly  evident  or  missing.  In  adults  some  tooth  wear  should  be 
evident  and  sutures  will  be  complete.  In  old  individuals  sutures  may  no  longer  be 
evident  and  consequently  borders  between  individual  bones  of  the  skull  are  not 
obvious. 

la.  Upper  incisors  absent;  molariform  teeth  with  crescent-shaped  cutting 
edges;  large  fenestrae  (openings)  in  rostrum  evident  (Fig.  7A  and  7B) 

. . . white-tailed  deer,  Odocoileus  virginianus 

lb.  Incisors  present  on  upper  jaw . . . 2 

2a.  Canines  absent;  large  diastema  separates  incisors  and  molariform  teeth  ....  3 
2b.  No  large  diastema  behind  incisors;  area  occupied  by  small  teeth  or  large 

canines  . . . . .  15 

3a.  Single  pair  of  upper  incisors  (Fig,  8A)  . . . (rodents)  4 

3b.  Two  small,  peg-like  incisors  directly  behind  the  two  large  incisors;  rostral 
fenestrae  (latticework  openings)  evident  (Fig.  8B) 

. . (lagomorphs)  eastern  cottontail,  Sylvilagus  floridaniis 

4a.  Postorbital  process  (projection  of  bone)  prominent  behind  orbit  (opening 

for  eye)  Fig.  9) . (squirrels  and  allies)  5 

4b.  Postorbital  process  absent,  or  if  present,  much  reduced  in  size  and  found 

only  in  a  very  large  rodent  skull  .  . . . . .  .  8 

5a.  Skull  large;  greatest  length  of  skull  >  70  mm;  posterior  border  of  postprbi- 
tal  process  at  distinct  right  angle  to  longitudinal  axis  to  the  skull;  rounded 
to  slightly  pointed  cusps  evident  on  cheek  teeth  (Fig.  9A  and  lOB) 

. . . woodchuck,  Marmota  monax 

5b.  Skull  <  65  mm  in  length;  posterior  border  of  postorbital  process  curving 

backward,  cusps  on  cheek  teeth . .  .  6 


6a.  Skull  moderately  large,  approximately  58-64  mm  in  length  (Fig.  9B) 

. eastern  gray  squirrel,  Sciurus  carolinensis 

6b.  Skull  <  45  mm  in  length . .  .  7 
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7a.  Greatest  length  of  skull  32-36  mm;  rostrum  flat  in  region  medial  to  postor¬ 
bital  processes  to  tip  of  nasals  (Fig.  9C) 

. . .  southern  flying  squirrel,  Glaucomys  volans 

7b.  Greatest  length  of  skull  37-41  mm;  rostrum  slightly  convex  in  region  me¬ 
dial  to  postorbital  processes  to  tip  of  nasals  (Fig.  9D) 

. .  . . . . eastern  chipmunk,  Tamia^  striatus 

8a.  Skull  very  large,  greatest  length  of  skull  >  75  mm;  surface  of  cheek  teeth 
flat  with  transverse  loops  of  enamel  ridges;  bony  structure  of  external  audi¬ 
tory  meatus  (external  ear  opening)  elongate  (Fig.  lOA) 
. . . American  beaver.  Castor  canadensis 

8b.  Skull  <  70  mm;  surface  of  cheek  teeth  not  as  above;  external  auditory  mea¬ 
tus  does  not  open  at  end  of  elongated  bony  structure . .  .  9 

9a.  Greatest  length  of  skull  >  50  mm  (approximately  60-70  mm);  surface  of 
cheek  teeth  flat  but  with  triangular  prismatic  ridges  of  enamel  (Fig.  IOC) 
. .  . . .  common  muskrat.  Ondatra  zibethicus 


9b.  Greatest  length  of  skull  <  35  mm  . . .  .  10 

1  Oa.  Incisors  with  longitudinal  groove  . . . 11 

10b.  Incisors  without  longitudinal  groove . .  12 


1  la.  Greatest  length  of  skull  about  19.5  mm;  infraorbital  foramen  (opening  be¬ 
low  the  orbit)  small  and  somewhat  v-shaped 

. . .  eastern  harvest  mouse,  Reithrodontomys  humuiis 

1  lb.  Greatest  length  of  skull  about  21-23  mm;  infraorbital  foramen  large,  ap¬ 
proximately  2  mm  by  4mm,  and  oval  shaped 
. .  meadow  jumping  mouse,  Zapus  hudsonius 

12a.  Surfaces  of  cheek  teeth  flat  with  triangular  prismatic  ridges  of  enamel  .  .  .  .  13 
12b.  Cusps  or  tubercles  present  on  cheek  teeth;  surfaces  of  cheek  teeth  not  flat 

or  with  triangular  enamel  ridges  . . . . 14 

13a.  Greatest  length  of  skull  of  adult  27-30mm;  last  upper  molar  with  three 

closed  triangles  . . meadow  vole,  Microtus  pennsylvanicus 

13b.  Greatest  length  of  skull  of  adult  23-26  mm;  last  upper  molar  with  two 

closed  triangles  ............  woodland  (pine)  vole,  Microtus  pinetorum 

14a.  Greatest  length  of  skull  about  30  mm;  distinct  temporal  ridges  that  ex¬ 
tend  from  the  upper  portion  of  the  orbit  to  the  back  of  the  skull 

. . . marsh  rice  rat,  Oryzomys  palustris 

14b.  Greatest  length  of  skull  about  26  mm;  temporal  ridges  lacking 

. white-footed  mouse,  Peromyscus  leucopus 

15a.  Canines  not  enlarged,  first  pair  of  incisors  elongated  followed  by  numer¬ 


ous  small  tubercular  teeth  . .  (insectivores)  16 

1 5b.  Canines  noticeably  larger  and  longer  than  incisors  ..............  22 
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16a.  Zygomatic  arch  (cheekbone)  absent;  most  teeth  tipped  with  reddish  col¬ 
oration;  greatest  length  of  skull  23  mm  .  . . 17 

16b.  Zygomatic  arch  present  but  very  thin;  greatest  length  of  skull  >  30  mm  .  .  .21 
17a.  Four  unicuspid  teeth,  three  visible  in  lateral  view  (Fig.  3  A) 

. . . . .  . . least  shrew,  Cryptotis  parva 

17b.  Five  unicuspid  teeth  . .  18 

18a.  Skull  greater  than  17  mm  in  total  length;  lateral  edge  of  braincase  angu¬ 
lar,  pointed  . . . 19 

18b.  Skull  less  than  17  mm  in  total  length;  lateral  edge  of  braincase  not  angu¬ 
lar,  pointed  . . . . . 20 

19a.  Greatest  length  of  skull  approximately  22  mm,  greater  than  20  mm  (Fig. 

3B) . northern  short-tailed  shrew,  Blarina  brevicauda 

19b.  Greatest  length  of  skull  approximately  19  mm,  20  mm  or  less  (not  pic¬ 
tured)  .............  southern  short-tailed  shrew,  Blarina  carolinensis 

20a.  Only  three  of  five  unicuspid  teeth  (1,2,  and  4)  visible  in  lateral  view  (Fig 

3C)  . . . . pygmy  shrew,  Sorex  hoyi 

20b.  Four  of  five  unicuspid  teeth  (1,  2,  3,  and  4)  visible  in  lateral  view  (Fig. 

3D)  ...................  .  southeastern  shrew,  Sorex  longirostris 

21a.  Total  of  20  teeth,  10  on  each  side  in  upper  jaw  (Fig.  4A) 

. . . . eastern  mole,  Scalopus  aquaticus 

21b.  Total  of  22  teeth,  1 1  on  each  side  in  upper  Jaw 

. . .  star-nosed  mole,  Condylura  cristata 

22a.  Skull  small,  greatest  length  of  skull  about  20  mm  or  considerably  less, 
with  one  or  two  incisors  (no  more)  on  each  side  of  a  large  U-shaped  open¬ 
ing  at  the  front  of  the  rostrum.  Bats  (Fig.  11).  Crowns  of  the  cheek  teeth 
are  characterized  by  W-shaped  cutting  edges.  Bat  skulls  are  rarely  found 

. . .  (chiropterans)  23 

22b.  Greatest  length  of  skull  >  30  mm,  usually  much  more;  anterior  rostral 


area  complete,  no  U-  shaped  opening  . . 30 

23a.  Incisors  =  1/3,  total  number  of  teeth  =  30  or  32  ................  24 

23b.  Incisors  =  2/3,  total  number  of  teeth  =  32  to  38  . . .  26 

24a.  Rostrum  noticeably  shorter  than  braincase,  upper  incisor  is  in  contact 

with  canine;  seven  teeth  in  one  side  of  upper  jaw;  total  teeth  =  32  ......  25 


24b.  Rostrum  length  comparable  to  braincase  length;  upper  incisor  not  in  con¬ 
tact  with  canine;  six  teeth  in  one  side  of  upper  jaw;  total  teeth  =  30 

. evening  bat,  Nycticeiiis  humeralis 

25a.  Greatest  skull  length  15.5  mm . eastern  red  bat,  Lasiuriis  borealis 

25b.  Greatest  skull  length  >  15.5  mm . hoary  bat,  Lasiuriis  cinereus 
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26a.  Total  of  four  upper  cheek  teeth . big  brown  bat,  Eptesicus  fuscus 


26b.  More  than  four  upper  cheek  teeth  . . . . 27 

27a.  Five  upper  cheek  teeth;  total  number  of  teeth  34  or  36  . 28 


27b.  Six  upper  cheek  teeth;  total  number  of  teeth  38;  (2/3:  l/l:3/3:3/3  =  38)  ....  29 

28a.  Greatest  length  of  skull  <  14  mm;  total  number  of  teeth  =  34; 

(2/3:1/1:2/2:3/3  =  34)  . . Q?iSiQm^\^\stvQ\\Q,  Pipistrellus  subflavus 

28b.  Greatest  length  of  skull  >  14  mm;  total  number  of  teeth  =  36; 

(2/3 : 1/1 :2/3 :3/3  =  36)  .  silver-haired  bat,  Lasionycteris  noctivagans 

29a.  Frontal  area  of  cranium  rises  abruptly  from  rostrum;  sagittal  crest  (dor¬ 
sal  ridge  on  braincase)  usually  present 

. .  southeastern  myotis,  Myotis  austrohpahus 

29b.  Frontal  area  of  cranium  rises  gently  from  rostrum;  sagittal  crest  not  pre¬ 
sent;  skull  measurements  and  shape  too  similar  to  differentiate  without  a 
whole  specimen  (see  key  with  external  features),  either 

. northern  myotis,  Myotis  septentrionalis 

or .  little  brown  myotis,  Myotis  lucifugus 

30a.  Five  upper  incisors  on  each  side;  skull  elongate,  braincase  small,  sagittal 

crest  pronounced  (Fig.  12) .  W \xgmm  o\iOS,s\xm,  Didelphis  virginiana 


30b.  Three  upper  incisors  on  each  side  ................  (carnivores)  3 1 

31a.  Eleven  teeth  in  upper  jaw  (seven  cheek  teeth  behind  the  three  incisors 

and  single  canine) . . . 32 

31b.  Ten  or  fewer  teeth  in  upper  jaw  (six  or  fewer  cheek  teeth) . .  34 


32a.  Greatest  length  of  skull  >  175  mm;  sagittal  crest  evident;  postorbital  proc¬ 
esses  thick  and  distance  between  tips  of  postorbital  processes  >  45  mm. 

Coyote  can  easily  be  confused  with  a  medium-sized  dog.  Special  keys  or 
experts  should  be  consulted  to  ensure  proper  identification  (Fig.  13) 

. . .  coyote,  Canis  latram 

32b.  Greatest  length  of  skull  <  180  mm;  temporal  ridges  evident;  sagittal  crest 
absent;  postorbital  processes  thin,  and  greatest  distance  between  tips  of 
postorbital  processes  <  45  mm  . . . . .  33 

33a.  Temporal  ridges  not  well-developed,  but  evident  and  forming  a  distinct, 

narrow  V-shape  (Fig.  14A)  . .  .  VQdfox,  Vulpes  vulpes 

33b.  Temporal  ridges  well-developed,  widely  separated  and  lyre-shaped  (Fig. 

14B)  . . .  .  common  gmy  fox,  Urocyon  cinereoargenteus 

34a.  Ten  teeth  in  upper  jaw;  most  cheek  teeth  with  rounded  cusps  (if  not  old 

and  worn)  (Fig.  15A)  .  . . common  vdiccoon,  Procyon  lotor 

34b.  Less  than  10  teeth  in  upper  jaw  .  . . .  35 
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35a.  Seven  teeth  in  upper  jaw;  three  cheek  teeth  with  piercing  and  slicing 
crowns  are  highly  adapted  for  eating  meat;  rostrum  short.  Bobcat.  The 
skull  of  the  domestic  cat  is  similar  but  much  smaller,  generally  <  about 
1 00  mm  in  greatest  length,  and  possesses  a  fourth  very  small  cheek  tooth 

(Fig.  16)  . . .  hohcdiX,  Lynx  rufus 

35b.  Eight  or  nine  teeth  in  the  upper  jaw,  last  cheek  tooth  somewhat  dumb- 
belhshaped  and  wider  than  long.  Weasel  family  and  skunk  family.  In  sev¬ 
eral  species,  but  notably  the  weasels  and  mink,  there  is  considerable 
sexual  dimorphism,  males  larger  than  females  (summarized  in  Bellows  et 
al,  2001c)  . . .  .  .36 

36a.  Nine  teeth  in  the  upper  jaw;  skull  large,  approximately  1 10  mm  in  great¬ 
est  length;  brain  case  wide  and  flat  (Fig.  15B) 

. . . .  . . northern  river  otter,  Lontra  Canadensis 

36b.  Eight  teeth  in  upper  jaw  . . . .  .  .  37 

37a.  Posterior  border  of  hard  palate  (bony  roof  of  mouth)  terminates  at  poste¬ 
rior  border  of  last  cheek  tooth;  postorbital  process  absent  (Fig.  17D) 
.........................  striped  skunk.  Mephitis  mephitis 

37b.  Posterior  border  of  hard  palate  terminates  much  behind  the  posterior  bor¬ 


der  of  last  cheek  tooth;  postorbital  process  small  but  present  . . 38 

38a.  Greatest  length  of  skull  <35  mm  (Fig.  17B)  ....  least  weasel,  Miistela  nivalis 
38b.  Greatest  length  of  skull  >  than  35  mm . 39 


39a.  Greatest  length  of  skull  <  55  mm.  (Fig.  17C) 

. long-tailed  weasel,  Mustela  frenata 

39b.  Greatest  length  of  skull  >  55  mm  (Fig.  17A) .  .  American  mink,  Mustela  vison 
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FIGURE.  1.  Standard  mammal  measurements.  (A)  total  length,  (B)  length  of  tail  vertebrae  (tail  length),  (C) 
length  of  the  hind  foot,  and  (D)  length  of  ear.  Body  length  is  determined  by  subtracting  length  of  tail  vertebrae 
from  total  length  (from  Cothran  et  al.,  1991).  Total  length  measurement  includes  body  and  tail  vertebrae 
only;  hairs  at  tip  of  tail  are  not  included. 


FIGURE  2.  Lateral  view  of  the  skulls  of  the  (A)  American  beaver.  Castor  canadensis  (diastema  indicated) 
and  (B)  gray  fox,  Urocyon  cinereoargenteus.  (Photo  by  J.  C.  Mitchell) 
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FIGURE  5.  Standardized  measurement  of  forearm  length  (FA)  in  bats.  Calcar  with  a  keel  indicated. 
(Illustrated  by  D.  L.  Jobe) 


FIGURE  6.  Tragus  length  and  form  in  vespertilionid  bats.  (A)  depicts  the  long  and  pointed  tragus, 
characteristic  of  members  of  the  genus  Myotis,  and  (B)  depicts  the  typically  short  and  blunt  tragus  of  other 
genera  described.  (Illustrated  by  D.  L.  Jobe) 
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FIGURE  7.  White-tailed  deer,  Odocoileus  virginianus,  (A)  buck,  (B)  doe  (fenestrae  indicated).  (Photos  by 
A.  S.  Bellows) 
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FIGURE  8.  Lateral  view  of  the  skulls  of  the  (A)  eastern  gray  squirrel,  Sciurus  carolinemis  (single  pair  of 
incisors  is  indicated)  and  (B)  eastern  cottontail,  Sylvilagus floridanus  (peg-like  second  incisors  and  rostral 
fenestrae  are  indicated).  (Photo  by  J.  C.  Mitchell) 
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FIGURE  9.  Dorsal  view  of  the  skulls  of  the  (A)  woodchuck,  Marmota  monax’,  (B)  eastern  gray  squirrel, 
Sciurus  carolinensis  (C)  southern  flying  squirrel,  Glaucomys  volans;  (D)  eastern  chipmunk,  Tamias  striatus. 
Post-orbital  process  (indicated)  on  M  monax  only.  (Photo  by  J.  C.  Mitchell) 
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FIGURE  10.  Large  rodents.  Dorsal  view  of  the  skulls  of  the  (A)  American  beaver,  Castor  canadensis  (bony 
structure  of  external  auditory  meatus  indicated);  (B)  woodchuck,  Marmota  monax;  (C)  muskrat,  Ondatra 
zibethicus.  (Photo  by  A.  S.  Bellows) 


FIGURE  11.  Generalized  bat  skull  with  U-shaped  opening  in  rostrum  (indicated).  Dorsal  view  of  the  skull 
of  the  big  brown  bat,  Eptesicus  fuscus.  (Photo  by  A.  S.  Bellows) 
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FIGURE  1 2.  Dorsal  view  of  the  skull  of  the  Virginia  opossum,  Didelphis  virginiana  (sagittal  crest  indicated). 
Note  the  small  brain  case  compared  to  a  skull  of  the  same  length,  raccoon  Fig.  1 5A.  (Photo  by  A.  S.  Bellows) 


FIGURE  13.  Dorsal  view  of  the  skull  of  the  coyote,  Canis  latrans  (postorbital  processes  indicated).  (Photo 
by  J.  C.  Mitchell) 
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FIGURE  14.  Dorsal  view  of  the  skulls  of  the  (A)  red  fox,  Vulpes  vulpes  and  (B)  gray  fox,  Urocyon 
cinereoargenteus  (lyre-shaped  temporal  ridges  indicated).  (Photo  by  J.  C.  Mitchell) 


FIGURE  15.  Dorsal  view  of  the  skulls  of  the  (A)  raccoon,  Procyon  lotor  and  (B)  river  otter,  Lontra 
canadensis.  (Photo  by  J.  C.  Mitchell) 
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FIGURE  16.  Dorsal  view  of  the  skull  of  the  bobcat,  Lynx  nifus.  (Photo  by  J.  C.  Mitchell) 


FIGURE  17.  Dorsal  view  of  the  skulls  of  the  (A)  mink,  Mustela  vison\  (B)  least  weasel,  Mustela  nivalis',  (C) 
long-tailed  weasel,  Mustela  frenata',  (D)  striped  skunk.  Mephitis  mephitis.  (Photo  by  A.  S.  Bellows) 


Virginia  Journal  of  Science 
Volume  54,  Number  1 
Spring  2003 

An  Unusually  Colored  Red-backed  Salamander 
{Plethodon  cinereus)  From  Northern  Virginia 

Joseph  C.  Mitchell\  Department  of  Biology, 

University  of  Richmond,  Richmond,  Virginia  23173' 

Thomas  K.  Pauley,  Department  of  Biology,  Marshall  University, 
Huntington,  West  Virginia  25755  and 
C.  Todd  Georgel,  8720  Higgenbothom  Place, 

Richmond,  Virginia  23229 

ABSTRACT 

We  describe  an  orange-pink,  patternless,  translucent  morph  of  the  Red-backed 
Salamander  {Plethodon  cinereus)  found  in  northern  Virginia  on  27  September  2001. 
This  is  the  first  description  of  this  unusual  phenotype  in  this  terrestrial  salamander. 

Key  Words:  Salamander,  Caudata,  Plethodon  cinereus.  Albinism,  Virginia 

The  Red-backed  Salamander  {Plethodon  cinereus)  is  a  widespread  terrestrial 
plethodontid  in  eastern  North  America  (Conant  and  Collins,  1998;  Petranka  1998). 
Two  to  three  distinct  phenotypes  occur  in  most  populations.  The  most  common  include 
two  color  phases,  the  red-backed  phase  and  the  lead-backed  phase,  both  of  which  occur 
throughout  most  of  its  range.  The  former  morph  consists  of  a  dark  dorsum  with  a  wide 
stripe  that  is  usually  reddish,  although  yellowish  and  greenish  colors  replace  the  red 
color  in  some  individuals.  The  latter  morph  lacks  the  stripe.  These  phenotypes  are 
widespread  geographically  in  Virginia  and  elsewhere  in  its  range  (Highton,  1975; 
Petranka,  1998;  Mitchell  and  Reay,  1999).  The  other  primary  color  morph  is  the 
coral-red  pattern  (erythristic  morph)  that  occurs  in  the  glaciated  portion  of  the  Northeast 
(Pauley  et  al.,  2001  and  references  therein).  Leucistic  red-backed  salamanders  have 
been  reported  from  Maryland  (Harris,  1968;  Mitchell  and  Mazur,  1998)  and  West 
Virginia  (Pauley,  1 974).  In  this  paper  we  report  on  an  unusual  coloration  in  this  species 
that  has  heretofore  not  been  described. 

On  27  September  2001  we  found  an  unusually  colored  Plethodon  cinereus  in  the 
southern  floodplain  of  the  Potomac  River  at  Balls  Bluff  Regional  Park,  adjacent 
Leesburg,  Loudoun  County,  Virginia.  The  riparian  habitat  consisted  of  large  sycamore 
{Platanus  occidentalis)  and  yellow  poplar  {Liriodendron  tulipifera)  trees  with  abun¬ 
dant  paw-paw  {Asimina  triloba)  in  the  understory.  The  forest  floor  had  a  deep  leaf  and 
litter  layer  and  abundant  downed  woody  debris.  The  unusual  individual  was  found 
under  a  log,  along  with  other  normally-colored  salamanders. 

The  salamander  was  a  small  female  (33.2  mm  snout-vent  length;  20.0  mm  tail 
length,  0.28  g)  with  18  costal  grooves  (Figure  1).  The  dorsum  and  lateral  portions  of 
the  body  were  uniformly  colored  throughout  except  for  a  dark  patch  on  the  left  side. 
The  color  was  orange-pink  (light  robin  rufous;  Smithe,  1975)  and  completely  translu¬ 
cent.  The  dorsal  stripe  was  absent.  A  patch  of  dark  pigment  (blackish  neutral  gray)  on 
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FIGURE  1 .  Plethodon  cinereus  from  Loudoun  County,  Virginia  with  the  translucent  phenotype 

the  left  side  covers  three  costal  grooves  (between  the  7th  and  10th)  and  extends  from 
the  margin  of  the  venter  to  the  top  of  the  costal  grooves.  The  head  was  uniformly 
colored  robin  rufous  and  its  shape  was  typical  of  other  P.  cinereus.  The  eyes  were 
typical  dark  grayish  brown.  Eye  shape  was  typical  of  other  Plethodon  -  round  and 
protruding.  A  dark  triangular  area  speckled  with  light  neutral  gray  occurs  on  the  center 
of  head  dorsally.  A  narrow  line  of  light  neutral  gray  runs  from  the  nostril  to  the  eye  on 
both  sides  following  upper  labial  area.  The  chin  is  clear  and  the  eyes  are  visible  through 
the  skull  when  viewed  from  the  ventral  aspect.  The  venter  of  the  body  from  the  neck 
fold  to  the  vent  is  translucent  without  pigment,  and  the  organs  are  readily  visible.  The 
tail  is  translucent  and  round  in  cross-section.  Lateral  pigmentation  on  the  tail  changes 
from  robin  rufous  to  light  neutral  gray  toward  the  tip  of  the  tail.  Gray  pigmentation 
starts  about  10  mm  posterior  of  the  vent  on  both  sides.  The  legs  are  translucent, 
especially  the  anterior  pair.  All  digits  are  present  and  without  dark  pigment. 

We  found  a  total  of  29  other  P.  cinereus  at  Balls  Bluff  Regional  Park  on  the  same 
day  on  which  the  unusual  morph  was  found;  all  exhibited  the  normal  red-backed  or 
lead-backed  phenotypes.  The  translucent  phenotype  described  here  is  likely  a  rare 
variant  that  inherited  an  unusual  combination  of  genes  for  color  and  pattern.  It  was 
found  in  relatively  undisturbed  habitat,  although  periodic  flooding  of  .the  Potomac 
River  would  inundate  this  low  riparian  terrace.  No  obvious  anthropogenic  factors 
influenced  the  generation  of  this  unusual  salamander.  E.  Lanham  (pers.  comm.) 
reported  to  us  that  she  saw  a  similar  phenotype  at  Mountain  Lake  Biological  Station 
in  summer  2002  but  did  not  describe  or  photograph  it.  Thus,  this  phenotype  may  occur 
in  some  P.  cinereus  populations  in  Virginia  but  only  rarely.  Other  salamanders,  and 
indeed  other  vertebrates,  that  show  unusual  phenotypes  should  be  described  once 
discovered  because  they  show  the  magnitude  of  deviations  from  normal  patterns  in 
biology. 
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Patrick  F.  Scanlon 
1941  -  2003 

Dr.  Patrick  F.  Scanlon,  professor  of  fisheries  and  wildlife  sciences,  died  on 
Wednesday,  March  4,  2003,  while  hiking  in  the  cloud  forest  of  Taiwan  with  doctoral 
student,  Po-Jen  Chiang,  and  Virginia  Tech  colleague,  Michael  R.  Vaughan.  The  three 
researchers  had  gone  to  Taiwan  to  continue  their  study  project  on  the  leopards  over 
there.  Pat  has  been  a  long  time  supporter  of  the  Academy,  frequently  serving  as  a  section 
officer,  and  always  bringing  many  students  to  our  annual  meeting. 

Scanlon  was  bom  in  Athlone,  Ireland,  on  September  16,  1941.  After  earning  his 
doctorate  from  the  National  University  of  Ireland,  Scanlon  began  his  career  as  an 
assistant  professor  at  Virginia  Tech  in  1 97 1 .  Don  Orth,  head  of  the  fisheries  and  wildlife 
sciences  department,  says,  "For  32  years  Dr.  Scanlon  demonstrated  a  breadth  and  depth 
of  knowledge  and  innovative  thinking  that  kept  him  continuously  at  the  forefront  of 
his  field.  He  is  internationally  recognized  for  his  research  program  on  the  physiology 
and  toxicology  of  wild  animals  and  collaborated  with  scientists  in  all  parts  of  the  world. 
He  was  an  outstanding  graduate  mentor  to  over  forty  graduate  students  and  hundreds 
of  undergraduate  students  and  an  excellent  teacher  who  regularly  taught  courses  in 
Wildlife  Field  Biology,  Vertebrate  Pest  Management,  and  Wildlife  Physiology,  Toxi¬ 
cology,  and  Nutrition." 

Scanlon  authored  or  coauthored  over  250  technically  reviewed  journal  articles  and 
lectured  extensively  around  the  world.  Scanlon  was  a  devoted  university  citizen  and 
was  elected  to  the  Virginia  Tech  Academy  of  Service  Excellence  in  three  separate  years 
in  recognition  to  service  on  Faculty  Senate  and  numerous  university  committees  and 
commissions.  Surviving  him  are  his  wife,  Ann  Scanlon,  two  daughters,  Janet  and 
Judith,  and  two  sons,  James  and  Jody. 

Greg  Brown,  dean  of  the  College  of  Natural  Resources,  says  that  "Pat  had  a  stellar 
career.  Not  only  was  he  veiy  successful  in  his  field,  but  her  served  the  university  well. 
He  was  always  anxious  to  discuss  issues  and  offer  suggestions.  We  will  miss  that.  And 
we  will  miss  seeing  him  around  the  hallways." 
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VIRGINIA  ACADEMY  OF  SCIENCE 
Minutes  of  the  Council  Meeting 
May  24,  2002 
Hampton  University 


Attendance 


Carolyn  Conway 

Bob  Fisher 

Tom  Haas 

Walter  Witschey 

Robert  Willis 

Gerald  Taylor 

Frank  Kozusko 

Rao  Chaganty 

Martin  Zahn 

R.  Edward  Barker,  Jr. 

Jim  Martin 

Lisa  Martin 

Ali  Mohamed 

John  Hess 

Paul  Homsher 

Susan  Booth 

Rosemary  Barra 

Marion  Lobstein 

Dean  Decker 

Werner  Wieland 

Ertle  Thompson 

Art  Burke 

Michael  Bass 

Judy  Niehaus 

Jim  0-Brien 

Call  to  Order 

President  Ali  Mohamed  called  the  meeting  to  order  at  7:54  a.m.  The  President 
encouraged  the  Councilors  of  the  Sections  to  attend  the  Council  meeting  or  send 
another  section  officer  as  a  substitute. 

Approval  of  the  Minutes 

The  minutes  of  the  March  23  Council  meeting  at  Hampton  University  were 
approved  with  corrections. 

Local  Arrangements  Committee 

Donald  Whitney  from  Hampton  University  reported  that  about  650  students 
accompanied  by  approximately  200  adults  pre-registered  for  the  VJAS  meeting  and 
another  10  registered  on-site.  The  senior  academy  pre-registered  228-230  participants 
and  another  120  registered  on-site.  The  total  number  of  people  attending  the  meetings 
was  1210,  of  which  750  stayed  on  campus.  In  addition,  there  were  judges  who  did  not 
register  for  the  meeting.  Dr.  Whitney  offered  to  list  the  names  of  the  schools  from 
which  students  came  in  the  final  report  to  avoid  confusing  schools  with  similar  names. 

Frank  Kozusko,  also  of  the  Local  Arrangements  Committee  from  Hampton  Uni¬ 
versity,  added  that  arranging  future  meetings  could  be  expedited  by  providing  written 
documents  and  project  reports  to  the  host  school.  We  also  need  a  Plan  of  Action  and 
a  check  list  of  milestones.  Examples  of  questions  that  came  up  are:  Who  schedules 
the  Fellow’s  Breakfast?  What  is  the  cold  room  for?  What  is  needed  for  the  Judges’ 
Room,  and  are  there  any  other  special  rooms  needed?  The  persons  at  the  registration 
desk  need  to  be  briefed  on  expected  procedures  and  changes  to  the  schedule.  Parents 
and  guardians  could  be  allowed  to  hear  their  student’s  paper  by  giving  them  a  hall  pass 
for  a  given  room,  time,  and  date.  Someone  from  the  Academy  should  be  at  the 
registration  desk  to  handle  membership  dues  as  well  as  on-site  registration. 
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President  Ali  Mohamed  charged  the  Long  Range  Planning  Committee  with  the  task 
of  compiling  a  template  for  the  annual  meeting  for  ftiture  local  arrangements  chairs. 

Bob  Willis  made  a  motion  that  “council  expresses  their  appreciation  to  Hamp¬ 
ton  University  and  the  Local  Arrangements  Committee  for  hosting  the  May  2002 
meeting.”  The  motion  was  seconded  and  passed  by  unanimous  voice  vote. 

Officers  Reports 

President  Ali  Mohamed:  Guests  from  Puerto  Rico  paid  registration  and  member¬ 
ship  dues  to  VAS  and  presented  posters  at  the  meeting.  The  guests  would  like  to 
develop  something  similar  to  the  VAS  in  Puerto  Rico.  More  such  outreach  efforts  are 
being  considered  for  the  ftiture.  The  section  meeting  for  Aerospace  Science  was 
cancelled.  If  last  minute  cancellations  are  made  in  the  ftiture,  the  Academy  officers 
need  to  be  notified  so  that  alternate  arrangements  can  be  made  for  presentation  of  papers 
from  the  Junior  Academy.  President  Mohamed  suggested  using  mini-symposia  and 
workshops  to  bolster  attendance  at  sessions  that  are  less  well  attended. 

Vice  President  Marion  Lobstein:  Preparation  for  the  Program  booklet  went  well. 
Appreciation  was  expressed  for  the  cooperation  and  assistance  of  the  section  secretar¬ 
ies,  Don  Whitney  and  other  members  of  the  Local  Arrangements  Committee,  and  Jim 
and  Lisa  Martin.  The  information  sent  out  to  section  secretaries  is  being  updated  to 
reflect  the  transition  from  paper  to  electronic  forms.  These  changes  will  be  available 
on  a  CD-ROM  for  the  2003-20—4  vice  president.  Approximately  850  participants 
were  in  attendance  for  the  2002  Annual  meetings. 

Virginia  Flora  Because  the  Symposium  on  the  Flora  of  Virginia  Symposium  was 
to  be  conducted  from  9:00  to  12:00’  on  the  day  of  the  meeting,  Marion  Lobstein  made 
all  her  reports  at  once.  The  symposium  is  cosponsored  by  the  Virginia  Flora  Commit¬ 
tee,  the  VAS  Botany  Section,  and  the  Foundation  of  the  Flora  of  Virginia  Project,  Inc. 
The  Foundation  has  recently  received  501(C)3  status  and  will  launch  an  intensive 
fund-raising  campaign  for  the  Flora  of  Virginia  Project.  Funding  for  the  Flora  will  be 
requested  in  the  2003  budget. 

Botany  Section  The  Botany  Section  had  a  successful  meeting.  There  were  15 
papers  and  3  posters  presented.  Up  to  35-40  people  were  in  attendance.  The  VJAS 
presentations  were  excellent. 

President-elect  Walter  Witschey:  The  mission  of  the  Science  Museum  of  Virginia 
is  to  have  a  hands-on  science  center  within  a  50-mile  driving  distance  of  every 
Virginian.  At  the  present  time  52%  of  Virginians  live  within  a  50-mile  radius.  With 
the  $80  million  building  of  a  science  center  in  Northern  Virginia  in  2005-06,  85%  will 
be  within  the  desired  distance  of  a  science  center,  and  when  centers  planned  for 
Harrisonburg  and  Bristol  are  completed,  97%  of  Virginians  will  live  within  a  50  mile 
radius  of  a  hands-on  science  center. 

Secretary  Judy  Niehaus:  As  the  outgoing  secretary  suggested,  it  would  be  helpful 
if  members  of  the  committee  give  the  new  secretary  copies  of  reports  so  that  these  can 
be  included  in  the  minutes  of  the  meeting. 

Treasurer  Sherry  Baldwin:  No  report. 

Directors  and  Academy  Representatives  Reports 

VJAS  Director  Susan  Booth:  The  following  points  were  made  with  respect  to  the 
VJAS  spring  meeting  costs:  UVA  needs  to  set  costs  with  Juniors  by  August  to  be 
posted  on  website.  Many  concerned  members  could  not  participate  due  to  the  high 
costs  of  this  year’s  meeting.  However,  it  would  be  better  to  leave  the  cost  at  $125  per 
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student  in  following  years,  rather  than  raising  and  lowering  costs.  VAS  supports  one 
VAS  Journal  to  be  sent  to  each  school  member  in  the  fall.  The  newsletters  for  the  junior 
and  senior  academies  could  be  combined.  VAS  supports  a  VAS  newsletter  (with  VJAS 
President’s  column  to  be  sent  to  each  school  member  throughout  the  year.  In  order  to 
recruit  sufficient  judges,  VAS  chairs  are  requested  to  submit  at  least  5  names  of  those 
willing  to  judge.  Of  the  500  persons  who  agreed  to  judge,  only  225  actually  showed 
up.  The  attendance  at  the  Hampton  University  VJAS  meeting  was  approximately  850. 
This  year  the  Jeffers  Lecture  was  moved  from  Wednesday  to  Tuesday,  and  the 
traditional  dance  was  cancelled  to  permit  students  to  visit  the  museum.  The  meeting  in 
2003  will  be  at  UVA  Lewis  and  Clark  Observatory.  The  2004  meeting  will  be  at  VCU 
and  the  Science  Museum  of  Virginia  (SMV).  There  will  be  a  meeting  at  the  SMV  on 
July  20.  The  Virginia  Environmental  Business  Council  supported  the  VJAS  with 
research  funds  for  students;  the  Council  will  hold  a  trail  race  on  Saturday,  September 
28,  2002  starting  at  9:00  a.m.  at  Pony  Pasture  Rapids.  Donations,  sponsorships,  and 
participation  are  requested.  The  VJAS  committee  and  Sponsors  will  meet  to  discuss 
concerns  about  the  Proceedings.  Students  were  polled  to  determine  whether  they 
preferred  hard  copies  of  the  Proceedings  or  CD-ROMs.  Most  preferred  CDs.  It  was 
recommended  that  a  few  hard  copies  be  made  for  the  Archives.  The  VJAS  will  make 
a  list  of  high  school  graduates  attending  colleges  and  universities  in  Virginia  available 
to  the  institutions  for  tracking  students. 

Visiting  Scientist  Report,  Bob  Fisher:  Dr.  Fisher  has  been  officially  named  as 
co-director.  A  video  developed  with  VSRN  will  be  distributed  through  PBS.  The 
VSRN  internship  program,  with  pays  $250  for  sending  teachers  to  the  annual  meeting 
was  successful.  It  was  recommended  that  the  Web  page  be  made  more  user  friendly. 
VSRN  is  also  interested  in  the  Puerto  Rican  model  of  inviting  guests  to  observe  a 
meeting  to  inspire  similar  organizations  in  their  home  countries.  Bob  Willis  will 
contact  the  group  at  an  upcoming  meeting  in  Orlando.  Bob  Fisher  moved  that  Bob 
Willis  approach  the  Puerto  Rican  delegation.  The  motion  was  seconded  and  passed 
by  voice  vote. 

Jerry  Taylor  made  a  motion  that  the  Academy  express  its  appreciation  for  the 
continued  support  of  the  Science  Museum  of  Virginia  in  these  hard  financial 
times.”  The  motion  was  seconded  and  passed  by  voice  vote. 

AAAS  Representative  Ertle  Thompson:  AAAS  is  reviewing  for  fellows. 

Science  Museum  of  Virginia  Walter  Witschey:  The  Association  of  Science  and 
Technology  Center  will  hold  its  annual  conference  in  October  2005  at  the  Richmond 
Convention  Center.  For  further  information,  please  consult  the  web  site  at  ASTC.org. 

Jeffress  Memorial  Trust,  Tom  Haas: 

The  Allocations  Committee  of  the  Gwathmey  and  Jeffress  Memorial  Trusts  met  at 
the  Greenbrier,  White  Sulphur  Springs,  West  Virginia  on  May  11,  2002. 

The  Gwathmey  Memorial  trust  supports  projects  in  the  arts  and  humanities, 
education,  the  environment,  health,  services  and  historic  preservation.  At  the  meeting, 
the  Committee  allocated  approximately  $350,000  to  requests  for  support  in  these  areas. 

The  Jeffress  Memorial  Trust  supports  grants  in  chemical,  medical  and  other 
scientific  fields  such  as  biology,  botany,  materials  science,  neuroscience,  pharmacol¬ 
ogy,  etc.  as  well  as  psychology,  biomedical  engineering  and  chemical  engineering.  At 
the  meeting,  $3 16,927  was  allocated  to  the  renewal  of  such  projects  and  an  additional 
$323,400  was  in  support  of  new  proposals  for  funding. 
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The  trusts  are  managed  by  Bank  of  America. 

VAS  Past  President,  Richard  Brandt,  is  advisor  to  the  Trusts. 

The  next  Allocations  Committee  meeting  is  in  November  2002. 

Tom  Haas’  tenure  on  the  Allocations  Committee  of  the  Gwathmey  and  Jefffess 
Memorial  Trusts  is  now  complete.  The  Academy  should  make  an  appointment  of  a 
new  VAS  representative  for  2002-2003. 

Old  Business 

Fall  meeting:  Rosemary  Barra  announced  that  the  undergraduate  research  awards 
event  will  be  held  on  a  Saturday  in  October  at  the  science  museum. 

Report  Concerning  VAS/VJAS  Director,  Administrative  Assistant  and  Executive 
Secretary/Treasurer  Contracts  (Rae  Carpenter,  Rosemary  Barra,  and  Robert  Willis): 
Rosemary  Barra  presented  a  format  for  self-evaluation  that  was  presented  to  the 
Executive  Committee.  A  copy  of  the  suggested  evaluation  is  attached. 


VIRGINIA  ACADEMY  OF  SCIENCE 

ANNUAL  SELF-EVALUATION  FOR  THE  DIRECTOR  OF  THE  VJAS 

Name:_ _ Date: _ 

According  to  the  Bylaws  of  the  Virginia  Academy  of  Science,  the  Executive 
Committee  subject  to  approval  by  Council,  selects  a  qualified  person  as  Director  of  the 
Virginia  Junior  Academy  of  Science.  The  duties  of  the  VJAS  Director  are  outlined  in 
the  Bylaw  As  part  of  the  annual  review  process,  the  director  of  the  VJAS  shall  submit 
a  completed  self-evaluation  to  the  President  of  the  Virginia  Academy  of  Science  b 
AugustSO  of  each  year.  The  President  and  members  of  the  Executive  Committee  will 
prepare  a.  written  evaluation  and  a  recommendation  for  contract  renew/non-renew  and 
a  recommendation  for  salary  adjustment  which  will  be  submitted  to  Council  at  its  f 
meeting. 

1 .  Comment  on  your  fund  raising  activities  during  the  past  year. 

2.  Indicate  the  progress  that  has  been  made  over  the  past  year  with  regards  to 
expansion  and  the  involvement  of  additional  schools. 

3.  Indicate  the  activities  and  any  new  initiatives  stemming  from  your  leadership  of 
the  Junior  Academy  of  Science  Committee. 

ANNUAL  SELF-EVALUATION  FOR  THE  ADMINISTRATIVE  ASSISTANT 

Name: 

Date: 

The  Administrative  Assistant  performs  duties  as  directed  by  the  Executive  Secre¬ 
tary/Treasurer  and  VJAS  Director  and  in  support  of  the  activities  of  the  VAS  and  VJAS. 
As  part  of  the  annual  review  process,  the  Administrative  Assistant  shall  submit  a 
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completed  self-evaluation  to  the  President  of  the  Virginia  Academy  of  Science  by 
August  30th  of  each  year.  The  President  and  members  of  the  Executive  Committee  will 
prepare  a  written  evaluation  and  a  recommendation  for  contract  renewal  or  non-renewal 
and  a  recommendation  for  salary  adjustment  which  will  be  submitted  to  Council  at  its 
fall  meeting. 

1 .  List  and  comment  on  the  major  tasks  that  you  were  given  during  this  past  year 
that  directly  supported  the  V AS. 

2.  List  and  comment  on  the  major  tasks  that  you  were  given  this  past  year  that 
directly  supported  the  activities  of  the  VJAS. 

3.  Indicate  any  new  initiatives  for  the  VAS  or  VJAS  that  were  started  this  year  and 

indicate 

Date 

Name 

Address 

Dear  : 

On  the  recommendation  of  the  Executive  Committee  and  with  the  approval  of 
Council,  1  am  pleased  to  offer  you  a  one-year  contract  as  Executive  Secretary/Treasurer 
of  the  Virginia  Academy  of  Science.  The  contractual  period  will  begin  and  will  end 

at  an  annual  salary  of  $  The  duties  and  responsibilities  associated  with 

this  position  are  as  stated  in  the  Bylaws  of  the  Virginia  Academy  of  Science. 

To  indicate  acceptance  of  this  offer,  please  sign  and  date  the  enclosed  copy  of  this 
letter  and  return  it  to  me  as  soon  as  possible. 

Sincerely, 

President  of  the  Virginia  Academy  of  Science 


President  Ali  Mohamed  requested  that  comments  on  the  contract  drafts  be  referred 
to  Rosemary  Barra. 

Jerry  Taylor  moved  “that  the  forms  be  approved  in  concept  and  philosophy 
with  details  to  be  possibly  changed  later  by  the  Executive  Committee.”  The  motion 
was  seconded,  discussed,  and  approved  by  unanimous  voice  vote.  Paul  Homsher 
moved  “that  the  forms  be  approved  as  written  for  use  in  August  2002  with  minor 
changes  by  the  executive  committee.”  The  motion  was  seconded  and  passed  by 
unanimous  voice  vote. 

Report  Concerning  Search  for  New  Executive  Secretary  Treasurer  (Gerald  Taylor, 
Mike  Bass,  Rosemary  Barra): 
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Jerry  Taylor  reported  on  his  most  recent  meeting  with  Gerald  Bass.  He  moved 
“that  Gerald  Bass  be  offered  the  position  of  Executive  Secretary-Treasurer  of 
the  Virginia  Academy  of  Science  from  September  1, 2002  until  December  30, 2004, 
a  term  of  2  years,  4  months  at  a  salary  agreed  upon  with  the  Executive  Commit¬ 
tee.”  The  motion  was  seconded;  there  was  some  discussion  about  whether  the 
By-Laws  permit  an  appointment  longer  than  one  year,  but  it  was  suggested  that  a  line 
could  be  added  to  the  contract  to  the  effect  that  the  person  hired  will  go  through  the 
approval  process  next  year.  It  is  understood  that  the  outgoing  Executive  Secre¬ 
tary/Treasurer  Art  Burke  will  work  with  the  incoming  officer  from  September  until 
January  2003 .  The  motion  was  approved  by  voice  vote.  Rosemary  will  draft  a  contract 
letter  for  President  Mohamed’s  signature. 

Jerry  Taylor  also  made  a  motion  “to  provide  a  notebook  computer  valued  up  to 
$3000  to  the  new  Executive  Secretary/Treasurer.”  The  motion  was  seconded  and 
passed  by  voice  vote. 

Site  Selection  Committee  Report:  Jerry  Taylor  discussed  the  committee’s  plans  to 
visit  with  the  presidents  of  universities  planning  to  host  the  annual  meeting.  There  was 
a  discussion  about  whether  the  committee  should  meet  with  the  president  of  UVA,  the 
site  of  next  year’s  meeting, 

UVA  Meeting  2003:  A  representative  from  UVA  has  been  in  contact  with  Don 
Whitney  about  the  upcoming  meeting. 

Blanton  Bruner  Undergraduate  Chemistry  Award:  Art  Burke  announced  the  Vera 
Remsburg  award  of  $1,000  to  the  chemistry  department  at  William  and  Mary  and 
expressed  the  desire  that  such  awards  will  become  a  pattern.  The  following  commu¬ 
nication  verifies  the  role  of  the  Academy  in  this  award. 

Virginia  Academy  of  Science 
Trust  Committee 
D,  Rae  Carpenter^  /r.,  Chair 
401  Overlook  Circle 
Lexington,  VA  24450-1739 

15  February  2002 
Mr.  Mark  R.  Graham 
413  Bradley  St 
Abingdon  VA  24210 
Dear  Mark, 

Thank  you  for  the  teleconference  this  afternoon.  I  have  enclosed  copies  of  the 
documents  supplied  by  James  E.  “Buddy”  Mitchell  re  the  Vera  Remsburg  Estate. 

This  will  authorize  you  to  represent  the  Virginia  Academy  of  Science  “Fellows 
Fund”  in  this  matter  before  the  court  in  Abingdon.  The  Academy  is  a  Sec.  501(c)(3) 
organization  with  Federal  ID  No.  54-603-8285.  We  have  recently  been  declared  tax 
exempt  by  action  of  the  General  Assembly  of  Virginia.  Please  advise  me  if  other 
information  is  needed. 

Sincerely, 

D.  Rae  Carpenter,  Jr.,  Chair 
Trust  Committee 
cc:  VAS  Executive  Committee 
Member,  VAS  Council 
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standing  Committee  Reports 

Archives  Committee:  John  Hess  reported  that  the  site  archivest@VT  is  no  longer 
available.  There  are  major  gaps  in  the  archives. 

Awards  Committee:  Carolyn  Conway  reported  that  John  Hess  has  been  made  a 
fellow  of  the  academy.  The  deadline  for  nominations  for  next  year  is  October  1. 
Further  information  is  available  on  the  web  site. 

Committee  on  the  Environment:  No  report 

Constitution  and  By-Laws  Committee:  Michael  Bass  noted  that  the  Constitution 
and  By-Laws  require  approval  of  the  Executive  Secretary  position  to  be  approved  each 
year.  Jerry  Taylor  suggested  that  rather  than  making  frequent  changes  to  the  By-Laws 
we  develop  a  set  of  policies  to  be  based  on  the  By-Laws.  The  policies  are  easier  to 
change.  As  the  Academy  moves  toward  having  three  paid  positions,  this  change  would 
expedite  alterations  in  policy.  There  was  a  discussion  as  to  whether  the  Executive 
Secretary-Treasurer  can  be  appointed  for  a  period  of  greater  than  one  year  without 
violating  the  By-Laws.  Rosemary  Barra  suggested  changing  the  wording  of  the 
contract  from  “contract  approval”  to  “contract  continuation,  subject  to  annual  re¬ 
view.”  The  change  was  agreed  upon  by  consensus. 

Finance  and  Endowment  Committee:  Paul  Homsher  reported  status  of  the  Finance 
and  Endowment  Committee  with  respect  to  current  financial  conditions. 

Fund  Raising  Committee:  Jim  O’Brien  requested  that  members  of  the  Academy 
contact  him  with  names  of  potential  donors. 

Long  Range  Planning  Committee:  Jim  O’Brien  announced  new  members  of  the 
Long  Range  Planning  Committee:  Judy  Niehaus,  Don  Whitney,  and  Frank  Kozusko. 
Plans  are  being  made  for  the  next  retreat  at  Chanco. 

Membership  Committee:  No  report 

Nominations  and  Elections  Committee:  No  report 

Publications  Committee:  No  report 

Research  Committee:  Ali  Mohamed  reported  that  six  proposals  were  submitted  to 
the  committee  and  the  proposals  will  be  ranked  for  funding. 

Science  Advisory  Committee:  No  report 

Science  Education  Committee:  No  report 

Trust  Committee:  Paul  Homsher  presented  the  following  report  from  Rae  Carpen¬ 
ter. 

Section  Representatives  Reports 

Aeronautical  and  Aerospace  Science:  No  report 

Agriculture,  Forestry  and  Aquaculture:  Ali  Mohamed  reported  that  Southern  State 
is  being  approached  for  award  money  for  the  section.  The  Web  site  has  abstracts  of 
the  1 8  papers  that  were  presented  at  the  meeting. 

Archaeology:  No  report 

Astronomy,  Mathematics  and  Physics:  Jerry  Taylor  reported  that  a  new  young 
person  was  elected  as  section  representative. 

Biology:  Carolyn  Conway  reported  that  the  section  hosted  1 9  papers  and  8  posters. 

Biomedical  and  General  Engineering:  Tom  Haas  reported  that  the  section  hosted 
19  papers. 

Botany:  see  earlier  report 
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Computer  Science:  Bob  Willis  indicated  7  papers  were  presented.  There  was  also 
a  successful  seminar  on  informational  security.  One  student  award  was  authorized. 

Education:  No  report 

Environmental  Science:  Michael  Bass  said  approximately  26  people  attended  the 
session  at  which  18  papers  plus  2  junior  papers  and  13  posters  were  presented.  The 
number  of  presentations  has  decreased  over  the  years,  and  this  is  cause  for  some 
concern. 

Material  Science:  Edward  Barker  reported  that  the  session  was  disappointing.  Few 
people  attended  except  for  the  officers,  even  though  the  secretary  had  contacted  23 
people  about  the  possibility  of  making  a  presentation.  Perhaps  the  new  technology 
center  at  UVA  will  have  a  positive  influence  on  the  section  meeting  next  year.  It  was 
suggested  that  the  Material  Science  section  should  be  located  closer  to  Chemistry  and 
Physics,  or  perhaps  a  joint  session  could  be  arranged  with  either  Chemistry  or  Physics. 

Medical  Science:  No  report 

Natural  History:  Werner  Wieland  reported  that  13  papers  and  3  posters  were 
presented. 

Psychology:  Jim  O’Brien  reported  that  the  Psychology  session  hosted  39  papers 
and  12  posters.  The  Virginia  Psychological  Foundation  will  provide  student  awards. 
The  evening  presentation  on  SCHEV  Core  Competencies  was  a  great  success;  many 
people  stayed  to  continue  asking  questions.  He  also  announced  that  members  of  the 
Donald  Davis  family  attended  the  banquet  on  Thursday  night  and  presented  a  1928 
photograph  of  the  Virginia  Academy  of  Science  members  at  the  1928  meeting  at 
William  and  Mary. 

Statistics:  No  report 

President  Ali  Mohamed  thanked  Jim  O’Brien  and  Marion  Lobstein  for  arranging 
the  special  presentations  on  SCHEV  competencies  and  Virginia  flora. 

New  Business 

Vera  Remsburg  Bequest  (Information) 

Vera  Remsburg  Scholarship  in  Biology  at  Longwood  University 
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VIRGINIA  ACADEMY  OF  SCIENCE 
Minutes  of  the  Council  Meeting 
November  2, 2002 

Science  Museum  of  Virginia,  Richmond 

Attendance 

Sheryl  Baldwin,  Rosemary  Barra,  Jerry  Bass,  Susan  Booth,  Martin  Buonckistiani, 
Arthur  Burke,  Rae  Carpenter,  Carolyn  Conway,  John  Hess,  Paul  Homsher,  Jim  Martin, 
Lisa  Martin,  Ali  Mohamed,  Judy  Niehaus,  Jerry  Taylor,  Ertle  Thompson,  Bob  Willis, 
Werner  Wieland,  Walter  Witschey 

Call  to  Order 

President  Ali  Mohamed  called  the  meeting  to  order  at  1 :25  p.m. 

Approval  of  the  Minutes 

The  minutes  of  the  May  24, 2002  meeting  were  distributed  via  e-mail.  It  was  agreed 
that  approval  of  the  minutes  would  be  delayed  pending  distribution  of  printed  docu¬ 
ments  at  the  next  meeting. 

Officer  Reports 

President  Ali  Mohamed:  President  Mohamed  reported  on  the  fall  retreat  at  Chanco. 
One  issue  discussed  at  the  retreat  was  the  strength  of  each  of  the  sections  of  VAS.  Jeff 
Blank  hosted  a  site  visit  to  the  University  of  Virginia,  the  venue  for  next  spring’s 
meeting.  Preliminary  plans  and  a  cost  analysis  were  discussed  with  UVA  Conference 
Services.  Future  sites  for  VAS  meetings  were  discussed  with  reference  to  James 
Madison  University’s  offer  to  host  the  meeting  every  other  year.  Committee  chairs  for 
VAS  have  been  appointed  with  the  exception  of  Archives  and  Membership,  which  need 
chairs.  Where  appropriate,  committee  chairs  should  select  additional  members  for  their 
committees  and  report  the  names  to  President  Mohamed.  A  printed  copy  of  the  VAS 
Directory  is  a  goal  espoused  by  a  consensus  of  members  who  attended  the  Chanco 
retreat.  Rae  Carpenter  was  nominated  by  Jerry  Taylor  to  be  reappointed  as  a  member 
of  the  Trust  Committee.  The  nomination  was  seconded  and  approved  by  unanimous 
voice  vote. 

President-elect  Walter  Witschey:  The  Commonwealth  of  Virginia  continues  to 
plan  for  Science  Museums  throughout  the  state. 

Vice  President  Marion  Lobstein:  According  to  the  reported  submitted  in  absentia, 
the  Flora  of  Virginia  Symposium  at  the  2002  annual  meeting  was  a  great  success  with 
five  presentations  and  approximately  fifty  participants.  A  symposium  on  nanotechnol¬ 
ogy  is  being  planned  for  the  2003  meeting.  Marion’s  notes  from  the  Chanco  retreat 
are  available  by  e-mail  upon  request.  The  South  Carolina  Academy  of  Science  is  being 
contacted  for  ideas  on  how  to  enhance  the  VAS. 

Secretary  Judy  Niehaus:  The  minutes  from  the  May  2002  meeting  will  be  sent  to 
Council  via  e-mail  and  will  also  be  presented  in  printed  form  at  the  next  meeting.  Until 
the  new  printed  directory  is  available,  the  on-line  directory  is  a  valuable  source  of 
current  information. 

Treasurer  Sheryl  Baldwin:  A  bill  from  the  National  Academy  of  Science  was 
forwarded  to  the  central  VAS  office  for  payment.  Art  Burke  requested  time  to  report 
that  proceeds  from  the  Vera  Remsburg  gift  will  be  used  to  fund  a  scholarship  for  a 
rising  senior  at  Longwood.  The  Remsburg  award  will  be  presented  at  the  May  2003 
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meeting.  Art  Burke  also  presented  a  1984  report  in  which  Council  approved  requiring 
that  VAS  checks  of  $500  or  more  have  two  signatures.  Art  Burke  made  a  motion  that 
the  VJAS  loan  of  $40,000  for  awards  be  returned  to  the  general  operating  fund.  The 
motion  died  for  lack  of  a  second.  Jerry  Taylor  moved  that  the  sum  of  $4,000  per  year 
for  a  period  of  ten  years  be  moved  from  the  VJAS  budget  and  transferred  to  the  general 
fund  or  Fund  for  the  Future.  Susan  Booth  seconded  the  motion.  Rosemary  Barra 
suggested  as  a  friendly  amendment  that  the  term  “general  fund”  be  omitted  and  the 
monies  be  transferred  to  Fund  for  the  Future.  Walter  Witschey  noted  that  there  is  really 
only  one  budget  for  the  two  academies.  The  amendment  passed  by  a  margin  of  8  to  5. 
The  original  motion  then  passed  by  a  vote  of  10  to  6.  As  a  result,  $4,000  will  be  moved 
each  year  for  10  years  from  the  junior  academy  budget  to  Fund  for  the  Future. 

Directors  and  Academy  Representatives  Reports 

Budget  Report  Paul  Homsher:  The  proposed  budget  was  presented  with  minor 
modifications:  up  to  $3,000  from  the  Research  fimd  may  be  used  for  the  Virginia  Flora 
project,  at  the  discretion  of  the  Research  committee.  The  amount  of  $300  will  be  put 
back  into  the  Flora  Committee,  which  is  a  part  of  VAS.  Also,  actual  salaries  will  be 
shown  as  a  line  item  to  distinguish  salaries  from  service  fees.  Potential  salary  increases 
of  2.5%  for  the  administrative  assistant  and  Director  of  the  VJAS  will  also  be  included 
in  the  proposed  budget.  Actual  increases  will  depend  upon  receipt  of  evaluations. 
Funds  for  the  Future  is  not  listed  as  a  line  item  at  this  time  because  there  are  no  funds 
budgeted.  Paul  Homsher  moved  that  the  budget  be  accepted  as  revised.  The  motion 
was  seconded  and  approved  by  unanimous  voice  vote. 

Trust  Committee  Report  Rae  Carpenter:  The  following  motion  was  made  to 
reaffirm  the  Fund  for  the  Future: 

The  first  period  for  determining  VJAS  membership  shall  be  Fall  2001  through 
Summer  2002.  The  Academy  office  shall  report  the  VJAS  membership  for  this  period 
and  shall  transmit  to  the  Trust  Committee  before  1  Dec.  02  a  sum  equal  to  this 
membership  times  $5. 

Before  1  Dec.  02,  the  office  shall  transmit  to  the  Trust  Committee  a  sum  equal  to 
$5  times  the  number  of  VJAS  meeting  registrants  at  the  May  2002  meeting. 

Before  15  Dec.  02,  the  chair  of  the  Trust  Committee  shall  place  the  above  sums  in 
a  Trust  Committee  account  labeled  Fund  for  the  Future  and  shall  cause  to  be 
transferred  from  every  other  account  under  the  purview  of  the  Trust  Committee  a  sum 
equal  to  1%  of  the  market  value  of  that  fund  on  3 1  Dec.  2001 . 

The  above  procedure  shall  be  repeated  in  Dec.  03  with  the  per  person  amounts 
above  being  $6. 

Repeat  in  Dec.  04,  Dec.  05,  and  Dec.  06  with  per  person  amounts  being  $7,  8,  and 
9  respectively.  Thereafter,  such  annual  transfers  shall  be  at  the  rate  of  $9  until  Council 
recommends  a  change. 

Also  added  to  the  Fund  for  the  Future  shall  be  10%  of  the  initial  amount  of  every 
new  gift  received  after  31  Dec.  02  for  any  fund  under  the  purview  of  the  Trust 
Committee  except  such  amounts  as  are  transferred  into  the  General  Fund  from  the 
Executive  Secretary-Treasurer.  Also,  this  shall  not  apply  to  dividends  or  short  term  or 
long  term  capital  gains  declared  by  the  investment  vehicles  used  by  the  Trust  Commit¬ 
tee. 
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The  motion  was  seconded.  A  question  about  the  legality  of  part  /  was  raised. 
Rosemary  Barra  proposed  an  amendment  to  the  motion:  that  since  the  VJAS  dues  are 
being  raised  from  the  current  $3  to  $5,  the  amount  transferred  in  part  a  should  read  $3, 
not  $5,  and  the  amount  in  part  d  should  be  $4,  and  part  e  should  be  $5,^6,  and  7.  The 
amendment  was  passed  by  unanimous  voice  vote.  Jerry  Taylor  moved  that  parts  a~f 
be  approved  but  part  / could  be  changed  if  the  transfer  is  found  not  to  be  legal.  The 
motion  was  seconded  and  approved  with  one  “no”  vote.  Walter  Witschey  moved  that 
the  following  Intent  Statement  presented  in  Rae  Carpenter’s  report  also  be  included  in 
the  motion. 

The  Fund  for  the  Future  was  designed  to  meet  the  need  for  funding  the  annual 
salary,  and  any  benefits  subsequently  authorized  by  Council,  of  the  VJAS  Director. 
This  dictated  its  application  to  VJAS  members  and  registrants.  Subsequently,  Council 
voted  a  salary  to  the  Executive  Secretary-Treasurer.  Therefore,  to  the  extent  the  Fund 
for  the  Future  is  capable  of  supporting  more  than  the  salary  of  the  VJAS  Director  it 
shall  not  preclude  use  to  fund  part  or  all  of  the  salary  and  benefits  of  the  Executive 
Secretary-Treasurer.  It  shall  also  be  understood  that  the  Fund  for  the  Future  is  an 
unrestricted  fund  in  the  sense  that  Council  may  change  the  above  intent  at  a  later  date 
as  financial  exigencies  may  require. 

The  motion  was  seconded  and  approved  by  voice  vote.  There  was  some  discussion 
about  raising  dues  for  senior  academy  members,  but  no  action  was  taken. 

AAAS  Representative  Ertle  Thompson:  No  report.  Art  Burke  reported  that  Ertle  is 
stepping  down  from  his  post  after  2003,  and  Jim  O’Brien  will  go  the  2004  meeting. 
Council  recognized  Ertle  Thompson’s  contributions  to  AAAS. 

Science  Museum  of  Virginia  Rae  Carpenter:  Carpenter  deferred  to  Walter  Wit¬ 
schey,  who  reported  on  the  shared  history  of  the  Museum  and  the  Academy,  the 
progress  in  building  science  museums  across  Virginia,  and  funds  proposed  for  muse¬ 
ums  in  the  upcoming  General  Obligation  Bond  issue. 

Director  of  the  Virginia  Junior  Academy  of  Science  Susan  Booth:  A  group  of 
students  from  China  will  visit  with  representatives  from  the  junior  academy  on 
December  2. 

VSRN  Representative  Jerry  Taylor:  Funds  for  CIT  were  diminished  by  the  recent 
state  budget  cuts;  as  a  result,  the  speakers  bureau  has  been  eliminated  and  the  Thursday 
evening  programs  for  teachers  were  cancelled. 

Jeffress  and  Gwathmey  Memorial  Trust  Allocation  Trust:  No  report. 

Old  Business 

Final  Report  for  the  annual  meeting  at  Hampton,  Don  Whitney:  The  meeting  netted 
approximately  $52,000  for  the  Academy.  Suggestions  for  future  meetings  included 
continuing  to  have  a  large  display  map  to  help  participants  locate  meeting  places; 
having  contracts  focus  on  costs;  being  careful  of  groups  with  similar  names;  expecting 
late  arrivals  of  students;  having  enough  projectors.  Council  expressed  its  gratitude  to 
Hampton  University  for  hosting  the  meeting. 

October  Research  Awards  meeting,  Rosemary  Barra:  Nineteen  students  made 
presentations  at  the  fall  conference.  Each  winner  received  $500,  and  runners-up,  $100. 

Jerry  Taylor  indicated  that  the  Academy  should  change  the  name  of  the  Executive 
Secretary-Treasurer  to  Executive  Director  or  Executive  Officer.  The  matter  was 
remanded  to  the  Constitution  and  By-laws  committee.  For  now,  the  title  remains 
Executive  Secretary-Treasurer. 
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Standing  Committee  Reports 

FAS  Site  Selection  Committee,  Bob  Willis:  A  list  of  academy  needs  will  be  sent  to 
academic  institutions  considering  hosting  the  annual  meeting. 

Trust  Committee,  Rae  Carpenter:  A  copy  of  the  awards  budget  was  distributed. 
Due  to  current  market  forces,  the  reported  actual  value  of  the  fund  is  less  than  the 
expected  value,  and  last  year  the  fund  earned  less  than  the  amount  awarded  to  winners. 
However,  no  action  was  recommended,  as  the  market  is  likely  to  rise  in  the  future. 

New  Business 

Chanco  Report,  Art  Burke:  A  copy  of  the  report  was  conveyed  via  e-mail. 
Highlights  were  an  expressed  interest  in  science  education  (though  this  emphasis  was 
later  questioned  via  an  e-mail  from  Harold  Marshall),  endorsed  production  of  a  printed 
version  of  the  Directory  and  membership  brochure,  contact  with  other  state  academies, 
more  electronic  communication,  establishment  of  Funds  for  the  Future,  and  possibly 
introducing  sections  on  nanotechnology  and  bioinformatics  as  well  as  eliminating  or 
combining  other  sections.  A  special  retreat  was  proposed  for  spring  2003. 

Rosemary  Barra  made  a  motion  that  an  ad  hoc  committee  be  formed  to  report  at 
the  spring  meeting  on  a  proposal  for  what  goes  into  the  directory  and  the  cost  of 
printing.  The  motion  was  seconded  and  passed  by  unanimous  voice  vote. 

Sites  for  future  annual  meetings  were  discussed.  There  was  a  consensus  that  a 
spring  retreat  would  best  be  held  at  UVA,  the  site  of  the  May  meeting.  President 
Mohamed  suggested  that  the  two  recent  Nobel  Prize  winners  from  Virginia  might  speak 
at  the  UVA  meeting. 

The  meeting  was  adjourned  at  6:00  p.m. 

Respectfully  submitted, 

Judy  H.  Niehaus 

Secretary 
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Instructions  to  Authors 


All  manuscripts  and  correspondence  should  be  addressed  to  the  Editor.  The 
Virginia  Journal  of  Science  welcomes  for  consideration  original  articles  and  short 
notes  in  the  various  disciplines  of  engineering  and  science.  Cross-disciplinary 
papers  dealing  with  advancements  in  science  and  technology  and  the  impact  of 
these  on  man  and  society  are  particularly  welcome.  Submission  of  an  article  implies 
that  the  article  has  not  been  published  elsewhere  while  under  consideration  by  the 
Journal. 

Three  complete  copies  of  each  manuscript  an  figures  are  required.  It  is  also 
required  that  authors  include  a  diskette  in  IBM  compatible  format  containing  a  text 
file  (ASCII  or  acceptable  word  processing  file)  of  the  manuscript.  Original  figures 
need  not  be  sent  at  this  time.  Authors  should  submit  names  of  three  potential 
reviewers.  All  manuscripts  must  be  double-spaced.  Do  not  use  special  effects  such 
as  bold  or  large  print. 

The  title,  author’s  name,  affiliation,  and  address  should  be  placed  on  a  cover 
page.  An  abstract  (not  to  exceed  200  words)  summarizing  the  text,  particularly  the 
results  and  conclusions,  is  required.  The  text  should  follow  the  general  format  used 
by  professionaljournals  in  the  author’s  discipline.  Literature  cited  in  the  text  should 
follow  the  name-year  format:  (McCaffrey  and  Dueser,  1990)  or  (Williams  et  al., 
1990).  In  the  Literature  Cited  section  at  the  end  ofthe  article,  each  reference  should 
include  the  full  name  of  the  author(s),  year,  title  of  article,  title  of  journal  (using 
standard  abbreviations),  volume  number  and  first  and  last  page  ofthe  article.  For 
a  book,  include  author(s),  year,  title,  pages  or  number  of  pages,  publisher  and  city 
of  publication.  Examples: 

McCaffrey,  Cheryl  A.  and  Raymond  D.  Dueser.  1990.  Plant  associations  ofthe 
Virginia  barrier  islands.  Va.  J.  Sci.  41:282-299. 

Spry,  A.  1969.  Metamorphic  Textures.  Pergamon  Press,  New  York.  350  pp. 

Each  figure  and  table  should  be  mentioned  specifically  in  the  text.  All  tables, 
figures  and  figure  legends  should  be  on  a  separate  pages  at  the  end  of  the  text. 

Multiple  author  papers  are  required  to  have  a  statement  in  the  acknowledg¬ 
ments  indicating  the  participation  and  contribution  of  each  author. 

After  revision  and  final  acceptance  of  an  article,  the  author  will  be  required  to 
furnish  two  error-free  copies  ofthe  manuscript:  1)  typed  copy,  single  spaced,  with 
tables  and  figure  captions  at  the  end  ofthe  document,  and  one  set  of  original  figures, 
each  identified  on  the  back  by  figure  number  and  author’s  name;  2)  a  diskette  in  an 
IBM  compatible  format  containing  the  text  file,  tables  and  figure  legends. 
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ABSTRiwI^SOF  PA^j^^^vgJji^^nnual  Meeting  of  the  Virginia  Academy  of 
Science,  May^?“J0,  iOO^TUniversity  of  Virginia,  Charlottesville,  Virginia 

Aeronautical  and  Aerospace  Sciences 

TARGET  ELIMINATION  AND  PATHFINDING  ALOGORITHEMS.  A.Linklater.  B.Smith  & 
B.Tran,  Wright  Patterson  AFB,  AFRL,  Air  Vehicles  Directorate,  ASC  03-1216,  Dayton,  OH  45433. 
The  technology  of  unmanned  air  vehicles  (UAV)  seeks  to  find  ways  that  multiple  UAVs  can  work 
together  in  target  elimination  and  path  finding  techniques  that  involve  little  or  no  human 
intervention.  Target  elimination  and  path  finding  algorithms  (TEPFA)  allow  for  multiple  UAVs  to 
execute  numerous  tasks  while  considering  a  large  number  of  variables  that  could  interfere  with  the 
UAVs  mission.  The  UAVs  mission  is  to  execute  tasks  such  as  flight  path  deconfliction,  minimal  run¬ 
time,  pop-up  targets,  various  start  and  end  points,  number  of  UAVs,  number  of  targets,  target  value, 
target  sharing,  and  moving  targets.  Two  groups  of  path  finding  algorithms  were  researched  - 
centralized  control  and  distributed  control.  Centralized  control  consists  of  a  leader-follower  type 
task  execution  process  in  which  the  followers  transmit  information  to  the  leader  and  the  leader  does 
all  the  decision-making.  The  centralized  control  system  algorithms  researched  included  greedy, 
random,  grid  search,  a-star,  and  space  division  by  quad  tree  algorithms.  In  a  distributive  control 
system,  all  UAVs  involved  communicate  with  each  other  to  determine  the  optimum  tasks  for  each 
UAV.  An  auction-based  method  was  researched  and  compared  to  the  other  centralized  control 
methods.  Of  the  methods  researched,  auction  based,  grid  search,  and  random  algorithms  were  able 
to  account  for  the  most  variables. 


A  NEW  LOOK  AT  THE  AIRSHIP.  M.Leroy  Spearman ,  Systems  Analysis  Branch,  NAS  A-Langley 
Research  Center,  Hampton,  VA  23681.  An  airship  system  is  proposed  in  which  the  buoyant  lift  is 
enhanced  with  kinetic  lift.  The  airship  would  consist  of  twin  hulls  in  which  the  buoyant  gas  is 
contained.  The  twin  hulls  would  be  connected  in  parallel  by  a  wing  having  an  airfoil  contour.  In 
forward  flight,  the  wing  would  provide  kinetic  lift  that  would  add  to  the  buoyant  lift.  The  added  lift 
would  permit  greater  payload/altitude  combinations  than  that  which  could  be  supported  by  the 
buoyant  lift  alone.  The  buoyant  lift  is  a  function  of  the  volume  of  gas  and  the  flight  altitude.  The 
kinetic  lift  is  a  function  of  the  airfoil  section,  planform  area,  and  the  speed  and  altitude  of  flight. 
Accordingly  there  are  a  number  of  variables  that  can  be  manipulated  to  arrive  at  a  particular  design. 
Particular  designs,  obviously,  could  vary  from  small,  lightweight  personal  systems  to  very  large, 
heavy-load  systems.  Several  possible  uses  made  achievable  by  such  a  hybrid  system  will  be 
suggested. 


A  SURVEY  OF  AIRPLANE  DESIGN  TYPES.  Jillian  C.  Harper.  Industrial  and  Systems 
Engineering  Dept,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA  24061  &  M.  Leroy 
Spearman,  Systems  Analysis  Branch,  NASA-Langley  Research  Center,  Hampton,  VA  23681. 
Airplane  designs  have  appeared  in  many  shapes  and  forms.  Were  the  Wright  Brothers  right?  How 
should  an  airplane  look  and  what  must  be  considered  in  the  conceptual  design?  Fundamentally  an 
airplane  should  be  designed  to  support  itself  at  specified  flight  conditions  with  a  specified  payload. 
The  lift  required  for  sustained  flight  could  be  provided  with  only  a  lifting  wing  and  this  has  given 
rise  to  many  flying-wing  designs.  However,  some  considerations  other  than  sustained  flight  have 
lead  to  a  variety  of  other  design  features.  Requirements  for  stability,  control  and  maneuverability 
have  lead  to  the  addition  of  tail  surfaces  behind  the  wing  (aft  tail)  or  in  front  of  the  wing  (canard). 
Special  requirements  for  the  accommodation  of  passengers  and  cargo  have  lead  to  various  body 
arrangements.  Thus  the  large  variety  of  airplane  configurations  that  have  appeared  have  been  dictated 
by  different  and  often  conflicting  requirements  that  include  performance,  mission,  and  safety. 
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A  CONCEPTUAL  DESIGN  FOR  LARGE  AIRCRAFT.  M.Lerov  Spearman.  Systems  Analysis 
Branch,  NASA-Langley  Research  Center,  Hampton,  VA  23681  &  Katie  A.  Klein,  College  of  Arts 
and  Sciences,  University  of  Virginia,  Charlottesville,  VA  22904-2020.  The  quest  for  increased 
productivity  for  commercial  air  transport  aircraft  has  lead  to  a  general  increase  in  aircraft  size. 
Continued  increases  in  size  for  conventional  designs  may  lead  to  problems  in  manufacturing  and  in 
airport  compatibility.  In  addition,  as  the  size  and  weight  increase,  an  increase  in  lift  is  required  that 
would  tend  to  increase  the  intensity  of  the  wing  tip  vortex.  A  proposed  concept  intended  to  relieve 
some  of  the  possible  problems  of  extremely  large  aircraft  will  be  described.  The  concept  consists  of 
an  inboard  wing  having  a  passenger-carrying  fuselage  attached  to  each  tip.  There  are  no  outboard 
wing  panels  and  thus  no  free  wing  tips.  Some  results  of  wind-tunnel  tests  of  a  model  of  the  concept 
will  be  discussed. 


Agriculture,  Forestry  and  Aquaculture  Science 

ECONOMICS  OF  VIRGINIA  HYBRID  STRIPED  BASS  POND  CULTURE  1 992  VS.  2002.  Brian 
L.  Nerrie,  Coop.  Ext.,  Virginia  State  Univ.,  Petersburg  VA  23806.  Hybrid  striped  bass  aquaculture 
in  Virginia  was  initiated  during  the  late  1980s  due  to  the  decreasing  harvest  of  Atlantic  striped  bass. 
Reduced  stocks  resulted  from  excess  fishing  pressure,  habitat  loss,  pollution,  and  lack  of  fish 
conservation  practices.  From  1992  to  2000  average  whole-fish  value  of  $3.10-$4.10  per  pound 
encouraged  aquaculture  production.  A  majority  of  enterprises  were  cage  culture  operations.  During 
this  period  the  economics  of  Virginia’s  hybrid  striped  bass  pond  aquaculture  dictated  the  research 
needs  of  the  industry.  Applied  research  resulted  in  cost  reductions  in  brood  stock  management, 
fmgerling  production,  nutrition,  and  pond  water  quality.  Market  value  of  whole-fish  fell  below  $3 .00 
per  pound  during  2000.  Continued  growth  of  the  hybrid  striped  bass  production  industry  requires 
profits,  and  the  variable  costs  associated  with  feed  and  fmgerling  inputs  made  up  most  of  the 
production  costs.  Feed  costs  have  decreased  by  more  thanSO.OS  per  pound.  Breakeven  production 
cost  is  $2.33  per  pound.  Enterprise  budgets  demonstrate  that  hybrid  striped  bass  production  in 
Virginia  continues  to  be  a  viable  enterprise.  Confounding  influences  include  marine  stock 
management,  states  rights,  disposable  income,  and  traditional  societal  needs.  Advantages  of 
aquaculture  production  include  constant  product  availability,  quality  control,  and  market  demand 
satisfaction. 

EVALUATION  OF  SOUTHERN  FLOUNDER  OVERWINTERED  IN  A  GREENHOUSE 
RECIRCULATION  SYSTEM.  Craig  S.  Kasper  and  Scott  H.  Newton,  Virginia  Cooperative 
Extension,  Virginia  State  University,  Petersburg,  Virginia  23806.  Southern  flounder  were  reared  in 
a  recirculation  system  under  fall  and  winter  conditions  to  determine  growth,  survival  and  tolerance 
to  fresh  water  for  extended  periods.  Fish  were  fed  a  commercial  diet  formulated  to  meet  the 
nutritional  requirements  of  flounder.  Water  temperature  and  hardness  were  closely  monitored. 
Hardness  was  maintained  at  250  ppm  total  hardness.  Feeding  behavior  was  maximal  when 
temperatures  reached  28  °C.  Feeding  activity  slowed  when  temperature  dropped,  but  continued  until 
temperatures  reached  4  “C.  Survival  was  excellent  at  higher  temperatures,  but  decreases  with 
decreasing  temperatures.  Complete  mortality  of  fish  did  not  occur  until  water  temperature  decreases 
below  4  °C  for  seven  consecutive  nights.  Flounder  can  survive  exposure  to  cold  temperatures  and 
remain  on  feed,  providing  water  hardness  is  adequate. 


THE  PATHOGENICITY  OF  AMERCAN  TYPE  CULTURE  COLLECTION  STREPTOCOCCUS 
INIAE  IN  TILAPIA.  David  Crosby,  Cooperative  Extension,  PO  Box  9081,  VSU,  Petersburg,  VA 
23806.  Streptococcus  Mae  is  an  emerging  pathogen  of  commercially  raised  tilapia  in  USA.  The  fish 
losses  caused  by  Streptococcus  worldwide  are  estimated  at  $1 50  million.  In  order  to  understand  the 
pathogenicity  of  Streptococcus,  the  American  Type  Culture  Collection  (ATCC)  of  Streptococcus 
Mae  (29 1 77  &  29 1 78)  was  obtained  to  do  preliminary  infectivity  and  virulence  studies  using  tilapia. 
The  ATCC  Streptococcus  was  grown  in  Tryptic  Soy  or  BHI  broth  for  48  hrs  before  harvesting 
bacteria  for  experimental  use.  Inocula  were  made  with  bacteria  suspended  in  sterile  phosphate  saline. 
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Tilapia  were  given  injections  containing  0. 1  cc  to  0.4cc  of  1 : 1 00  dilution  of  stock  bacteria  or  a  0.2cc 
of  stock  bacteria.  Tilapia  were  injected  intraperitoneally,  intramuscularly,  into  the  brain,  eye  or  nares 
using  both  ATCC  strains.  Tilapia  were  also  exposed  to  bacteria  by  bath  treatment  (2  gallons  with  1 0 
ml  of  stock  bacteria).  The  skins  of  some  tilapia  were  scraped  for  bath  treatment.  After  four  attempts 
to  infect  tilapia  with  ATCC  strains  resulted  in  no  infections  of  Streptococcus  iniae  in  tilapia. 


MAXIMIZING  THE  GREENHOUSE  ENVIRONMENT  FOR  TOMATO  PRODUCTION.  Mark 
E.  Kraemer  &  Francoise  Favi.  Agricultural  Research  Station,  Virginia  State  University.  The  Dutch 
determined  ideal  temperature,  humidity  and  light  conditions  for  greenhouse  tomato  production. 
Although  it’s  not  possible  to  maintain  these  conditions,  especially  for  limited-resource  operations, 
these  parameters  are  important  determinants  for  fruit  quality,  quantity,  and  earliness.  Three  regional 
greenhouses  were  continuously  monitored  with  a  temperature  and  humidity  data  logger  during  the 
2002  winter/spring-growing  season.  The  results  showed  that  ideal  conditions  were  achieved  only 
about  20%  of  the  time  with  humidity  the  parameter  hardest  to  control.  Humidity  peaked  the  first 
hour  after  sunrise,  when  additional  ventilation  could  be  effective.  Temperatures  may  be  set  too  high, 
or  raised  too  early  in  the  morning,  before  there  is  adequate  light  intensity  for  optimum 
photosynthesis.  This  wastes  energy  and  may  reduce  relative  humidity  to  sub-optimum  levels.  Air 
temperature  on  overcast  or  rainy  days  may  also  be  too  high  for  the  available  light  intensity.  Recent 
tests  of  a  light  intensity  data  logger  indicated  that  mid-day  light  intensity  varied  6-fold  within  a 
period  of  a  week.  The  development  of  more  sophisticated  computer  programs  to  monitor  and/or 
control  heat,  light,  and  ventilation  could  reduce  energy  usage  and  enhance  greenhouse  tomato  quality 
and  yield. 


ELECTRON  MICROSCOPY  STUDY  OF  GLANDULAR  TRICHOMES  FROM  VERNONIA 
GALAMENSIS  (CASS.)  LESS  LEAVES.  F.  Favi.  E.  Westbrook,  T.  Mebrahtu,  &  M.  Kraemer. 
Agricultural  Research  Station,  Virginia  State  University,  Petersburg  VA  23806.  The  genus  Vernonia 
contains  more  than  500  species  and  is  now  divided  into  several  subspecies  and  varieties.  These 
plants  have  potential  as  an  new  oilseed  crop  and  leaf  extracts  are  being  investigated  for  drug  and 
pesticide  discoveries.  This  is  a  contribution  toward  the  investigation  of  the  trichome  constituents 
of  V.  galamensis  plant.  Light,  scanning  and  transmission  electron  microscopes  were  used  for  this 
study.  Both  glandular  and  non-glandular  trichomes  were  observed  on  leaves  but  peltate  glandular 
tichomes  were  only  present  at  the  lower  side  of  leaves.  Different  developmental  stages  of  one,  two, 
four,  eight  and  ten-celled  trichomes  were  observed  and  photographed.  One  to  eight-celled  trichomes 
are  immature  stages.  The  mature  ten-celled  trichome  has  a  pair  of  support  cells  and  four  pairs  of 
secreting  cells.  The  topmost  pair  of  cells  develop  a  large  sub-cuticular  space  (head)  that  filled  up 
gradually  with  secondary  metabolites  produced  by  the  secreting  cells.  Secreting  cells  debris 
observed  in  head  showed  self  toxicity  of  secreted  product.  Ethanol  extract  of  whole  leaves  had 
pesticidal  activity  against  whiteflies.  HPLC  analysis  showed  multiple  peaks  consistent  with 
sesquiterpene  lactones. 


CONTROL  OF  WIREWORMS  IN  POTATO  WITH  ENTOMOPATHOGENIC  NEMATODES. 
Vonnv  M.  Barlow'.  Thomas  P.  Kuhar^  &  Edwin  E.  Lewis',  'Dept,  of  Entomology,  Virginia  Tech. 
Blacksburg,  VA.  24061  and  ^Dept.  of  Entomology,  Virginia  Tech.  Painter,  VA.  23420.  We 
compared  the  efficacy  of  entomopathogenic  nematodes  and  phorate  against  wireworms  (Coleoptera: 
Elateridae)  in  ‘Superior’  Irish  potatoes.  Entomopathogenic  nematodes  and  phorate  treatments 
reduced  the  number  of  damaged  tubers  compared  with  the  control.  Complementary  container 
experiments  in  the  field  showed  wireworm  mortality  in  nematode-treated  soil  was  higher  than  the 
untreated  control. 
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Archaeology 

(No  meeting  this  year) 

Astronomy,  Mathematics  and  Physics 

PREONS,  NUCLEON  FISSION  CHAIN  REACTIONS,  AND  CELESTIAL  POWER 
TRANSIENTS.  Charles  A.  Ely,  Dept,  of  Nuc.  Engr.,  UVa.  Charlottesville  VA  22903.  Nuclear 
fission  and  fusion  power  have  developed  as  bombs  and  power  plants  for  the  past  sixty  years.  One 
can  move  on  to  explore  the  natural  limits  of  nuclear  power  development.  The  author  began  research 
into  nucleon  fission  reactors  in  1990  at  Westinghouse  in  Pittsburgh,  Pennsylvania.  The  author’s 
research  goal  is  to  facilitate  the  extraction  of  power  from  more  fundamental  layers  of  matter. 
Interactions  can  be  seen  as  preon  surface  chemistry  amid  the  orbiting  preons  of  quarks  and  leptons. 
Among  reactions  providing  subnuclear  fission  chain  reaction  power  are  neutrino-stimulated  proton 
decay  chain  reactions.  Supemovae  and  hypemovae  provide  natural  prototypes  from  which  one  can 
glean  valuable  insights.  One  can  compare  the  nucleonics  of  a  supernova  “reactor”  to  that  of  a 
commercial  nuclear  power  plant.  Microscopic  fission  cross  sections  decrease  by  21  orders  of 
magnitude.  Fuel  density  increases  13  orders  of  magnitude.  Reactor  fuel  volume  increases  9  orders 
of  magnitude.  Both  reactor  types  are  driven  by  neutral  radiations  with  long  mean  free  paths.  Hence, 
criticality  formulations  for  nuclear  fission  reactors  can  be  applied  to  celestial  nucleon  fission 
reactors.  Baryon  number  conservation  and  its  violation  can  be  managed  by  engineering  lepton-Z 
boson  interactions.  Dark  matter  acts  as  a  catalyst. 


ROLE  OF  OPTICAL  FEEDBACK  DELAY  TIME  ON  DIODE  LASER  BEHAVIOR.  Rachel 
Chisolm.  Jordan  Bittle,  Courtenay  Glisson  &  David  Sukow,  Department  of  Physics  and  Engineering, 
Washington  and  Lee  University,  Lexington  Virginia  24450.  We  studied  the  fundamental  properties 
of  semiconductor  diode  lasers  under  conditions  of  delayed  optical  feedback.  Optical  feedback  occurs 
when  the  laser  beam  is  reflected  directly  back  into  the  laser.  This  feedback  causes  a  chaotic  system 
with  power  dropouts.  We  measured  the  average  time  between  power  dropouts  for  long  external 
cavities  and  found  the  relationship  between  the  cavity  length  and  the  average  time  between  power 
dropouts.  Our  preliminary  research  seems  to  indicate  a  positive  relationship  between  the  cavity 
length  and  the  average  time  between  power  dropouts. 


LIGHT  FLASHERS :  TESTING  AND  PROTOTYPING.  Charles  W.  Arnold  &  Kevin  L.  Giovanetti, 
Department  of  Physics,  James  Madison  Univ.,  Harrisonburg  VA.  22807.  In  an  effort  to  calibrate  360 
photomultiplier  tubes  for  the  MuLAN  experiment,  we  are  building  tiny  LED  pulsers.  The  pulsers 
borrow  their  design  from  pulsers  use  in  the  KamLAND  project  but  with  modifications  to  tailor  them 
to  our  needs.  Our  prototype  encountered  several  setbacks  including  signal  translation,  power 
distribution,  and  undesired  pulse  properties.  All  of  these  problems  have  been  corrected  through 
careful  investigation  of  the  properties  of  our  pulse  producing  system. 


BARNARD’S  STAR:  PLANETS  OR  PRETENSE.  J.  L.  Bartlett.  Dept,  of  Astronomy,  Univ.  of 
Virginia,  Charlottesville  VA  22903  &  P.  A.  lanna,  NSF,  Arlington  VA  22230.  A  time-series 
analysis  of  photographic  plates  taken  of  Barnard’s  Star  at  the  Leander  McCormick  Observatory 
(LMO)  reveals  no  evidence  of  periodic  perturbations  indicative  of  planetary  companions.  These 
observations  indicate  a  parallax  of  0”.5482  ±  0".00 1 7  and  a  proper  motion  of  1 0".3324  ±  0",0002/yr. 
In  1 963,  Van  de  Kamp  claimed  to  detect  the  first  extra-solar  planet  orbiting  this  star.  He  used  Sproul 
Observatory  plates  from  1938  to  1981  and  determined  that  2  companions  with  12-  and  20-yr  orbits 
best  fit  the  perturbation  he  observed.  He  estimated  that  both  objects  are  each  less  massive  than 
Jupiter.  Using  various  techniques,  other  observers  failed  to  detect  clearly  any  companions.  Of  these, 
only  one  search  was  sufficiently  sensitive  to  detect  planetary  bodies.  In  view  of  the  continuing 
controversy,  we  reviewed  over  900  exposures  made  on  photographic  plates  between  1 969  and  1 998 
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at  LMO.  After  the  LMO  microdensitometer  scanned  the  plates^  we  calculated  the  parallax  and  proper 
motion.  We  combined  the  resulting  residuals  into  annual  normal  points  for  which  we  analyzed 
separate  Lomb  periodograms  in  RA  and  dec.  In  neither  case  does  the  power  at  any  frequency  indicate 
a  signal  at  a  significance  level  of  50%  or  better.  We  acknowledge  support  from  NSF  grant  AST  98- 
2071 1  and  from  Litton  Marine  Systems,  Inc. 

BEAM  TESTING  AT  PSI:  STOPPING  MUONS  IN  A  TARGET.  Andrew  W.  Werner  &  Kevin  L. 
Giovanetti,  Department  of  Physics,  James  Madison  Univ.,  Harrisonburg  VA.  22807.  The  pLan 
collaboration  is  an  effort  to  determine  the  lifetime  of  the  muon  to  one  part  per  million.  Experimental 
work  for  this  is  done  at  the  Paul  Scherrer  Institute  (PSI)  in  Switzerland.  The  muon  beam  used  is  an 
offshoot  of  the  neutron  spallation  experiments  at  the  cyclotron  on  site.  This  beam  must  then  be 
focused  and  sent  to  a  sulfiir  target  inside  a  soccer  ball  shaped  detector,  which  will  monitor  the  decay 
rate  of  the  muon  thereby  giving  the  lifetime  for  the  particle.  The  detector  incorporates  360  individual 
photomultiplier  tubes  (PMTs),  all  of  which  must  be  calibrated.  The  calibration  is  being  done  with 
a  modified  version  of  the  KamLAND  LED  pulser  for  <10ns  pulse  widths  of  blue  (400nm)  light 
coupled  with  a  fiber  optic  to  deliver  the  light  directly  to  the  PMTs. 


CHANDRA  OBSERVATIONS  OF  NUCLEAR  X~RAY  EMISSION  FROM  A  SAMPLE  OF 
RADIO-LOUD  ACTIVE  GALAXIES.  Jessica  GambilP.  R.  M.  Sambmna',  J.  Pesce',  G.  Chartas^, 
C.  C.  Cheung^  L.  Maraschf ,  F.  Tavecchio'^,  &  C.  M.  Urry ,  *Dept.  of  Phys.  &  Astro.,  George  Mason 
Univ.,  ^Dept.  of  Astro.  &  Astrophys.,  Penn  State  Univ.,  ^Dept.  of  Phys.,  Brandeis  Univ.,  '^OSSA  di 
Breraand  ^Dept.  of  Astro.,  Yale  Univ.  We  present  the  X-ray  properties  of  the  cores  of  sixteen  radio- 
loud  quasars  (RLQs)  and  one  low-power  radio  galaxy  observed  with  the  Chandra X~ray  Observatory 
(CXO).  The  targets  were  selected  for  large-scale  radio  properties  to  optimize  new  detections  from 
X-rays  in  the  regions  of  resolved  radio  jets.  The  study  of  the  nuclei  was  based  on  the  emission 
detected  in  a  2"-radius  aperture,  with  the  photon  counts  limited  to  the  range  0.5-8  keV  for  optimal 
sensitivity.  Timing  analysis  finds  one  variable  source  (~25  minutes).  One  source  shows  evidence 
from  spatial  analysis  for  an  X-ray  halo  (~25  kiloparsecs).  Analysis  of  the  X-ray  spectrum  finds  that 
the  favored  model  is  a  power  law  plus  fixed  Galactic  absorption  (N^)  with  luminosities,  L2.,oicev  0^^ 
ergs  s"’.  Six  spectra  have  soft  (<1 .2  keV)  energy  excess  and  one  source  has  an  intrinsic  absorber  (N^ 
~5  xlO^^  cm"^).  A  surprising  result  for  this  beamed  sample  is  the  evidence  for  Fe  K-shell  line 
emission  (at  6.4  keV)  found  in  two  or  three  sources.  This  is  a  new  property  for  the  nuclear  emission 
of  RLQs.  Statistical  analysis  of  the  sample  shows  neither  a  trend  for  the  photon  index  generally,  nor 
a  trend  within  the  core-  and  lobe-dominated  sub-groups. 

SILICON  BASED  THERMO-ELECTRIC  MICROSENSORS.  Steven  L.  Heam,  Integrated  Science 
and  Technology,  James  Madison  University,  Harrisonburg  VA  22801 .  The  purpose  of  this  research 
is  to  investigate,  design,  fabricate,  and  characterize  thermal  microsensors.  This  project  includes 
determining  effective  designs  for  thermopiles,  finding  appropriate  materials  with  high  Seebeck 
coefficients,  and  characterization  and  calibration  of  fabricated  microsensors.  Magnetron  sputtering 
and  evaporation  deposition  techniques  are  employed  to  fabricate  thin  films  while  photolithography 
and  chemical  etching  are  used  to  pattern  the  films.  Metal-metal  and  metal -boron  doped  silicon 
semiconductor  junctions  are  investigated.  Prepared  microsensors  are  inspected  microscopically  and 
characterized  using  surface  profilometry  and  Scanning  Electron  Microscopy  with  Energy  Dispersive 
X-Ray  Analysis  (SEM-EDS)  to  determine  the  surface  and  volume  characteristics.  Seebeck 
sensitivity  measurements  and  four-point  probe  resistivity  techniques  have  been  employed  to 
determine  important  electrical  characteristics.  The  results  of  these  studies  and  applications  of  this 
research  to  thermal  microsensors,  energy  measurements,  and  gas  sensing  are  discussed. 
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PREPARING  STUDENTS  FOR  PRODUCTIVITY  IN  FIBER  OPTICS  TEST  AND 
MEASUREMENT.  Donald  H.  Reinhart,  Tektronix,  Inc.,  Beaverton  OR  97077.  The  advent  of 
Internet  technology  is  contributing  to  significant  growth  in  the  volume  of  digital  information  being 
transmitted  through  communications  networks.  In  the  United  States,  the  information  technology 
industry  has  increased  from  5.6%  of  the  Gross  Domestic  Product  in  1 992  to  8%  in  2000.  Fiber  optics 
offers  many  advantages  as  a  conduit  for  data  transmission,  and  various  irmovative  techniques  have 
been  implemented  to  leverage  bandwidth  requirements  in  the  communications  network.  Dense 
Wavelength  Division  Multiplexing  (DWDM)  is  one  such  technique  that  currently  enables 
transmission  rates  of  more  than  one  Terabit-per-second  over  a  single  optical  fiber.  Students 
graduating  from  today’s  university  programs  will  encounter  the  challenge  of  applying  solid-state 
physics  and  optics  to  optical  communications  technology.  The  goal  of  communications  service 
providers  is  to  continually  increase  bandwidth  while  maintaining  a  profitable  cost  structure.  Students 
with  a  strong  understanding  of  semiconductor  properties  and  optical  principles  of  lasers  and 
polarization  will  be  positioned  for  productivity  in  design  and  test  applications  where  innovative 
developments  in  reducing  costs  and  improving  performance  of  future  generation  optical  devices  and 
systems  are  critical. 


THE  IDENTIFICATION  AND  CHARACTERIZATION  OF  POLAR  MESOSPHERIC  CLOUDS 
(PMCS)  IN  HALOE  DATA.  Jonathan  E.  Wrotnv  &  James  M.  Russell  III,  Department  of  Physics, 
Center  for  Atmospheric  Sciences,  Hampton  University,  Hampton  VA  23668.  Data  from  the  Halogen 
Occultation  Experiment  (HALOE)  are  being  used  to  identify  and  characterize  the  physical  properties 
of  polar  mesospheric  clouds  (PMCs).  This  analysis  is  accomplished  using  the  22  polar  summer 
seasons  (1 1  northern  and  1 1  southern  hemisphere)  seen  by  HALOE.  An  algorithm  is  described  that 
screens  the  HALOE  data  for  PMCs  and  results  of  these  analyses  are  presented.  In  particular,  the 
number  of  PMCs  and  occurrence  frequency  per  season  are  shown.  Several  properties  of  the  clouds 
are  also  presented  including  the  altitude  and  latitude  distribution  of  the  clouds.  The  distributions  of 
PMCs  over  time  and  spatial  coordinates  show  good  agreement  with  other  satellite  studies  of  PMCs 
such  as  SME,  SNOE,  and  SBUV. 


TEMPEST  IN  A  TEAPOT:  UNDERSTANDING  THE  ELECTRICAL  NATURE  OF  TORNADOS. 
Joseph  W.  Rudmin,  Physics  Dept.,  James  Madison  Univ.,  Harrisonburg  VA  22807.  A  review  will 
be  presented  of  the  idea  that  tornados  are  electrically  driven.  Included  will  be  a  brief  history  of  the 
literature  and  researchers,  and  published  evidence  supporting  and  opposing  the  theory.  Possible 
mechanisms  consistent  with  the  evidence  will  be  discussed.  A  key  issue  is  whether  the  energy  of 
the  tornado  propagates  from  cloud  to  ground  or  from  ground  to  cloud.  An  emulation  using  vortices 
in  boiling  hot  water  will  be  used  to  illustrate  the  two  different  behaviors  of  these  two  possibilities. 


DEVELOPMENT  OF  SCANNING  TUNNELING  MICROSCOPE  PROBE  TIPS.  SeanM.  Walsh 
&  W.  Christopher  Hughes,  Dept,  of  Physics,  James  Madison  University,  Harrisonburg  VA  22807. 
In  situ  scanning  tunneling  microscopy  is  dependent  upon  the  quality  and  design  of  the  probe  tip.  In 
order  to  image  surfaces  which  form  oxide  layers,  the  surface  must  be  placed  in  a  weak  acid.  If  a 
scanning  tunneling  microscope  (STM)  probe  tip  is  not  properly  insulated  from  interactions  with  the 
surrounding  weak  acid,  ions  will  interact  with  the  probe  tip  drowning  out  the  signal  coming  from 
the  imaging  surface.  Yet  a  conducting  oxide  free  area  must  exist  at  the  apex  of  the  probe  tip  in  order 
to  allow  for  tunneling.  Several  methods  have  been  used  in  order  to  insulate  STM  probe  tips  from 
these  faradic  currents,  yet  most  methods  do  not  guarantee  reproducible  quality  tips.  Coating  an  STM 
probe  tip  in  a  photosensitive  polymer  such  as  photoresist,  and  then  exposing  the  probe  tip  to 
ultraviolet  light  at  the  proper  wavelength  and  removing  the  exposed  photoresist  using  a  developing 
agent  would  result  in  a  exposed  surface  area  on  the  order  of  the  wavelength  of  ultraviolet  light  used. 
Alternatively  coating  the  STM  probe  tip  in  photoresist  and  allowing  surface  tension  to  expose  the 
apex  of  the  probe  tip  would  result  in  a  useable  STM  probe  tip,  these  probe  tips  have  been 
experimentally  tested  to  yield  leakage  currents  of  20  pA,  while  the  ultraviolet  exposed  tips  have  not 
yet  been  tested. 
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mmG  MATHEMATICA  IN  UPPER  DIVISION  CLASSES:  EXAMPLES  AND  HINTS.  Richard 
L.  Bowman,  Dept,  of  Physics,  Bridgewater  College,  Bridgewater  VA  22812.  The  power  of 
Mathematica  to  solve  algebraic,  calculus  and  other  mathematical  problems  in  either  analytical  or 
numerical  form  and  to  plot  these  results  serves  well  the  objectives  of  upper-level  undergraduate 
physics  courses.  Examples  from  classes  in  electricity  and  magnetism,  quantum  mechanics  and 
classical  mechanics  and  from  research  illustrate  these  capabilities.  They  include  making  3-D  surface 
plots  of  infinite  sum  solutions  found  by  separation  of  variables  in  2-D,  calculating  numerical 
solutions  to  the  eigenvalue  problem  arising  from  solving  for  the  energies  and  wavefimctions  for  a 
1-D  particle  in  an  infinite  well  with  a  finite  barrier,  solving  numerically  the  differential  equation 
associated  with  the  oscillations  of  a  stretched  rubber  band  and  plotting  the  results,  and  creating 
publication-quality  graphs  of  molecular  spectra  obtained  during  research. 


A  MID-INFRARED  SPECTROSCOPIC  AND  X-RAY  IMAGING  STUDY  OF  LINER  GALAXIES. 
Rachel  P.  Dudik\  Shobita  Satyapaf ,  Rita  Sambruna’  &  John  McNulty^,  ’George  Mason  University, 
Fairfax  VA,  ^St.  John’s  College,  Annapolis  MD.  Low  Ionization  Nuclear  Emission-line  Regions 
(LINERs)  represent  as  much  as  one  third  of  all  nearby  spiral  galaxies  and  nearly  half  of  all  nearby 
early-type  galaxies,  LINER  research  lends  critical  contributions  to  numerous  other  astrophysical 
subjects,  including  X-ray  background  studies,  galaxy  formation  studies,  and  studies  of  Active 
Galactic  Nuclei  (AGN).  We  present  herein  archival,  high-quality  infrared  spectroscopic  data  from 
the  Infrared  Space  Observatory  s  Short  Wavelength  Spectrometer  and  corresponding  archival  X-ray 
imaging  from  Chandra  for  28  LINER  galaxies.  In  the  first  part  of  this  presentation,  I  will  illustrate 
the  purposes  behind  LINER  research:  What  are  LINER  galaxies  and  why  are  they  important?  In  the 
second  part  of  this  talk,  I  will  present  the  observational  results  of  this  multi-wavelength  study  and 
draw  upon  the  main  conclusions  for  this  set  of  objects.  This  research  was  funded  by  NASA  grant: 
NAG5-11432. 


Biology 

TWO  NEW  SPECIES  OF  FUNGI  (DEUTEROMYCOTA)  OCCURING  ON  ANCIENT  WOOD 
FROM  THE  CALVERT  FORMATION  IN  VIRGINIA.  Katherine  W.  Privratskv  &  W.  Wallace 
Martin,  Dept,  of  Biology,  Randolph-Macon  College,  Ashland,  VA  23005-5505.  Two  new 
acidophilic  species  of  the  Deuteromycota  have  been  isolated  from  Middle  Miocene  sediments  at 
a  stone  quarry  in  Caroline  County,  Virginia.  The  first  organism  is  a  new  species  of  the  genus 
Acrodontium,  section  Grisea  de  Hoog.  It  differs  from  oXhex  Acrodontium  species  in  the 
dimensions  and  shapes  of  its  conidiogenous  rachis  and  conidia,  in  the  pigmentation  of  its 
colonies,  and  in  its  maximum  growth  and  conidial  production  at  pH  3  and  4.  The  second 
organism  is  a  new  species  of  the  genus  Sporothrix.  It  differs  from  other  Sporothrix  species  in  the 
shapes  and  dimensions  of  its  conidia,  in  the  production  of  hyaline,  nonpigmented  colonies,  and  in 
its  lack  of  growth  at  35-37  °C. 

CHARACTERIZATION  OF  THE  HK-2  HUMAN  PROXIMAL  TUBULE  KIDNEY  CELL 
LINE  FOR  STUDIES  OF  l,25(OH)2D3  ACTIVATION.  Amandeen  Baiwa&  Matthew  J. 
Beckman,  Department  of  Biochemistry  and  Orthopedics,  Virginia  Commonwealth  University, 
Richmond  VA  23298.  The  renal  proximal  tubule  (PT)  is  the  chief  endocrine  cell  of  the  vitamin  D 
endocrine  system.  Nutritional  hyperparathyroidism  induced  by  dietary  calcium  (Ca)  restriction 
leads  to  forceful  down-regulation  of  l,25-(OH)2D3  receptor  (VDR)  transcription  in  the  PT.  Our 
goal  was  to  develop  an  in  vitro  human  PT  cell  model  to  examine  the  transcription  of  VDR.  In 
this  study  we  used  the  human  epithelial  HK-2  cell  line  derived  from  the  PT.  The  cell  line  is 
shown  to  be  responsive  to  calcium  and  PTH  treatments  as  shown  by  Real-Time  RT-PCR  analysis 
of  VDR,  and  the  effects  were  in  accordance  with  previous  in  vivo  data.  PTH  caused  a  reduction 
in  VDR  transcript  levels  that  was  greater  in  the  absence  of  calcium,  indicating  that  extracellular 
Ca  modulates  the  effect  of  PTH  on  VDR  transcription.  The  HK-2  cell  line  should  prove  to  be  a 
powerful  new  tool  to  characterize  the  DNA  elements  and  factors  regulating  VDR  transcription  in 
proximal  kidney  cells. 
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EFFECTS  OF  HEPARIN  AND  ASPIRIN  TREATMENT  ON  FREQUENCY  OF  PREGNANCY 
LOSS  INDUCED  BY  LIPOPOLYSACCHARIDE  INJECTION  IN  CD-I  MICE.  Jennifer  C. 
Winfree',  Carolyn  M.  Conway^,  &  Arthur  F.  Conway'.  'Dept,  of  Biology,  Randolph-Macon  Coll., 
Ashland,  VA  23005  and  ^Dept.  of  Biology,  Virginia  Commonwealth  Univ.,  Richmond,  VA  23284. 
Lipopolysaccharide  (EPS)  from  the  outer  cell  wall  of  Gram-negative  bacteria  causes  pregnancy  loss 
when  injected  into  pregnant  mice.  We  evaluated  the  effectiveness  of  heparin  and  aspirin  for 
prevention  of  EPS-induced  pregnancy  loss.  Pregnant  CD-I  mice  were  treated  with  aspirin  alone, 
heparin  alone,  or  both  aspirin  and  heparin  in  varying  dose  combinations  on  days  8  through  12  of 
gestation  and  then  injected  intravenously  with  E.  coli  EPS  on  day  9  of  gestation.  EPS  injection 
significantly  increased  the  frequency  of  pregnancy  loss.  Aspirin  treatment,  heparin  treatment,  and 
all  combinations  of  both  drugs  slightly  reduced  the  frequency  of  EPS-induced  pregnancy  loss  (not 
statistically  significant).  The  dose-independent  partial  inhibition  of  EPS-induced  pregnancy  loss  by 
aspirin  and  heparin  treatments  suggests  that  clotting  processes  may  contribute  slightly  to  EPS- 
induced  pregnancy  loss  but  that  clotting  processes  are  probably  not  a  major  mechanism  leading  to 
pregnancy  loss  in  EPS-treated  mice.  Support  by  a  Virginia  Academy  of  Science  Undergraduate 
Student  Research  Award  is  gratefully  acknowledged. 


CHARACTERIZATION  OF  THE  MAGNETORECEPTION  MECHANISM  IN  DROSOPHILA 
MELANOGASTER.  D.  H.  Dommer  &  J.  B.  Phillips,  Dept,  of  Biol.,  Va.  Polytechnic  Inst,  and  State 
Univ.,  Blacksburg,  VA  24061 .  Although  use  of  the  geomagnetic  field  in  spatial  orientation  has  been 
documented  in  a  wide  range  of  taxa,  the  underlying  morphological  structure(s)  and  physiological 
mechanism(s)  of  this  unique  sensory  modality  remain  an  enigma.  Studies  carried  out  by  this 
laboratory  and  others  have  provided  evidence  consistent  with  two  different  magnetoreception 
mechanisms:  (1)  a  light  dependent  mechanism  involving  specialized  photoreceptors ,  and  (2)  a  non¬ 
light  dependent  mechanism  utilizing  ferromagnetic  particles  (i.e.  a  magnetite-based  system).  The 
focus  of  experiments  in  our  laboratory  concerns  the  light  dependent  magnetoreception  mechanism 
found  in  migratory  birds  and  eastern  red  spotted  newts.  Neither  represents  a  model  organism  with 
a  described  genome,  advanced  knowledge  of  neural  anatomy,  and  the  ability  to  utilize  molecular 
biology  or  genetic  knockouts  to  manipulate  experimental  organisms.  These  techniques  are  crucial 
to  investigating  the  fundamental  properties  of  the  magnetic  compass  in  light-dependent  organisms. 
Drosophila  melanogaster  provides  all  of  these  options  in  a  non-migratory  organism  that  is  amenable 
to  training  and  testing  under  simple  conditions. 


CONTROL  OF  LACTASE  ACTIVITY  BEYOND  THE  LAC-OPERON.  M.  A.  Captieux',  T.  E. 
Swain^,A.  A.  Mills\  L.  M.  Mills^  D.  Kuruvilla'',  L.  Liang'’,  &  C.  W.  Vermeulen^  'Univ.  of 
Edinburgh,  Scotland  EH  16  SAY,  ^Jamestown  High  School,  Williamsburg,  VA  23185,  ^Messiah 
College,  PA  17027,  '’Midwood  High  School,  Brooklyn,  NY  11210,  ^Science-Projects.Com, 
Williamsburg,  VA  23185-5360.  As  an  on/off  switch  for  lactase  activity,  the  lac-operon  is  a  type 
of  'coarse'  control.  Using  Lineweaver-Birk  kinetics,  this  group  found  that  galactose  served  as  a 
'fine'  control  mechanism  by  regulating  reaction  rate  via  competitive  feedback  inhibition  of  lactase 
both  in  vitro  (using  commercial  Lactaid®),  and  in  vivo  (using  a  lac-induced  strain  of  E.coli  gal  ). 
Growing  in  varying  amounts  of  gal  and  with  1  %  lac,  the  bacteria  fermented  lac  and  had  ordinary 
levels  of  lactase  when  [gal]  <  [lac].  However,  when  [gal]  >  [lac],  the  cells  became  phenotypically 
lac'  even  though  ONPG  testing  showed  that  they  had  elevated  levels  of  lactase.  Presumably,  with 
lactase  blocked,  depressed  [ATP]  encouraged  the  cAMP-pathway  promoting  operon  expression 
leading  to  still  more  enzyme.  Modules  of  teaching  lab  protocols  are  found  at  www.science- 
projects.conWASWAS2003.htm  as  extensions  to  the  classic  labs  exercises  dealing  with  lac- 
operon  induction  in  microbiology,  genetics  and  biochemistry  courses. 
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EXPLORING  THE  MAGNETIC  SENSE  IN  LABORATORY  MICE,  STRAIN  C57BL/6J.  R 
M.  Edgar  &  J.  B.  Phillips,  Dept,  of  Biol.,  Va.  Tech.,  Blacksburg  VA  24061.  Magnetic  compass 
orientation  occurs  in  numerous  species  including  birds,  newts,  flies,  and  mammals.  In  birds, 
newts,  and  flies,  the  mechanism  of  magnetic  compass  orientation  appears  to  be  light-dependent 
as  evidenced  by  the  absence  of  magnetic  orientation  in  complete  darkness  and  shifted  orientation 
under  certain  wave-lengths  of  light.  In  contrast,  mole-rats  (the  only  mammal  that  has  been 
studied  in  detail,  but  which  are  functionally  blind  and  live  underground)  are  able  to  use  their 
magnetic  compasses  in  total  darkness,  indicating  the  presence  of  a  non-light-dependent  magnetic 
compass.  We  studied  the  type  of  magnetic  compass  mechanism  used  by  more  typical  rodents, 
strain  C57BL/6J  laboratory  mice.  Mice  were  trained  to  build  their  nests  in  a  specific  direction 
relative  to  the  magnetic  field.  Testing  occurred  overnight  in  a  circular  arena  with  food  and  nest 
material  provided  at  the  center.  The  bearing  of  the  nest  (typically  built  along  the  edge  of  the 
arena)  was  recorded  the  next  morning.  Mice  are  able  to  learn  to  position  their  nests  in  a  specific 
direction  relative  to  the  magnetic  field  (mean  vector  bearing  =  17°,  where  trained  direction  =  0°; 
r  =  0.67;  p  =  0.001).  This  assay  will  be  invaluable  to  future  experiments  aimed  at  characterizing 
the  genetic  and  behavioral  components  of  the  magnetic  compass  mechanism  in  rodents. 


THE  INDUCTION  OF  APOPTOSIS  IN  LUNG  FIBROBLASTS  USING  THE  GAP 
JUNCTIONAL  INTERCELLULAR  COMMUNICATION  OF  SV40  TRANSFORMED 
FIBROBLASTS.  Brett  A.  Ozanich  &  Rosemary  Barra,  Dept,  of  Biol.  Sciences,  Mary 
Washington  College,  Fredericksburg,  VA  22401.  Antitumor  suicide  gene  therapy  is  an  emerging 
strategy  against  cancer.  It  consists  of  the  introduction  into  the  cells  of  a  gene  capable  of 
converting  a  nontoxic  prodrug  (ganciclovir)  into  a  cytotoxic  drug.  An  advantage  of  this  system  is 
the  bystander  killing  effect  where  by  virally  transduced  cells  exposed  to  ganciclovir  are  lethal  to 
surrounding  nontransduced,  tumor  cells.  By  the  observation  of  morphological  changes,  caspase 
8  activity  and  comet  assays,  apoptosis  was  shown  to  be  associated  with  the  killing  effect  of 
ganciclovir  on  SV40  transduced,  CCL-75.1  transformed  lung  fibroblasts.  Cell  viability  was 
decreased  by  50%  following  a  24  hr  exposure  to  3  mg/mL  GCV.  These  results  suggest  that  GCV 
was  phosphorylated  into  the  cytotoxic  agent  by  the  viral  enzymes.  Additionally,  decreased  cell 
viability  was  found  to  be  associated  with  nontransduced  CCL-75  lung  fibroblasts  grown  with 
CCL-75.1  lung  fibroblasts  and  treated  with  GCV.  These  results  verify  the  presence  of  the 
bystander  effect  and  implicate  gap  junctional  intercellular  communication  as  the  mode  of 
ganciclovir-P  transfer  between  virally  transduced  and  nontransduced  cells. 


MACS  ANALYSIS  IN  PERIPROSTHETIC  MEMBRANE.  Mengnai  LikWilliam  A.  Jiranek^  & 
Matthew  J.  Beckman^  Department  of  'Anatomy,  ^Orthopaedics  and  ^Biochemistry,  Virginia 
Commonwealth  University,  Richmond,  VA  23298.  Osteolysis  implies  complete  bone  resorption 
(complete  radiolucency)  and  has  been  a  major  complication  after  Total  Joint  Replacement  (TJR). 
Periprosthetic  membrane  (PM)  is  usually  found  in  revision  surgery  due  to  osteolysis. 
Macrophages  and  fibroblasts  were  found  to  be  the  major  cell  types  inside  the  membrane.  Using 
MACS  magnetic  cell  sorting  system,  viable  CD  14+  macrophages  and  fibroblasts  have  been 
successfully  separated  from  the  PM  retrieved  from  revision  TJR.  With  iliotibial  band  as  negative 
control,  the  lesion  part  of  PM  was  found  to  have  more  CD  14+  macrophages.  Mast  cells  were 
mostly  distributed  in  the  CD  14-  group.  Future  purified  cell  separation  will  facilitate  measurement 
of  the  ratio  of  RANKL/OPG  in  either  macrophages  or  fibroblasts  and  will  be  a  possible 
breakthrough  for  understanding  the  mechanism  of  osteolysis  after  TJR. 


THE  SMALL  MAMMALS  OF  ISLE  OF  WIGHT  COUNTY,  VIRGINIA  (AS  REVEALED  BY 
PITFALL  TRAPPING).  Robert  K.  Rose,  Department  of  Biological  Sciences,  Old  Dominion 
University,  Norfolk,  Virginia  23529-0266.  The  small  mammals  of  Isle  of  Wight  County, 
Virginia  were  surveyed  in  mid- winter  using  pitfall  traps  placed  in  the  early  successional  habitats 
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of  powerline  rights  of  way.  Trapping  conducted  for  3  weeks  on  each  of  twelve  0.25-ha  grids 
yielded  252  small  mammals  of  7  species,  3  of  shrews  and  4  of  rodents.  The  least  shrew  (47.1%) 
and  eastern  harvest  mouse  (21.8%)  comprised  the  majority  of  the  total  and  were  found  on  most 
grids.  Each  remaining  species  was  uncommon  by  comparison,  with  the  woodland  vole  being  the 
rarest  (n=2).  Of  the  three  microtine  rodents,  the  southern  bog  lemming  was  the  most  unusual, 
occurring  up  to  40  km  west  of  the  Dismal  Swamp,  its  supposed  refugium.  Of  the  seven  species, 
only  southern  bog  lemmings  and  woodland  voles  were  breeding  during  January.  This 
information  is  believed  to  be  the  first  report  of  the  small  mammals  of  the  county. 


NOCTURNAL  THERMOREGULATION  IN  THE  WHITE-THROATED  SPARROW.  E.K. 
Dilger.  L.E.Williams.  A.S.  Dolby,  &  J.G.  Temple.  Department  of  Biological  Sciences,  Mary 
Washington  College,  Fredericksburg,  VA  22401.  Nocturnal  thermoregulatory  strategies  of  small 
songbirds  have  been  little  investigated  under  field  conditions.  We  used  temperature-sensitive 
radio-transmitters  to  determine  whether  White-throated  Sparrows  employ  nocturnal  hypothermia 
during  winter..  We  obtained  skin  temperature  measurements  on  24  free-ranging  sparrows 
between  1300  and  1400  hours  and  between  0200  and  0300  hours  for  three  days  and  nights  per 
subject.  The  average  nightly  skin  temperature  reduction  per  individual  was  3.44  (SD  =  0.96) 
degrees  C.  Thirteen  sparrows  reduced  their  skin  temperatures  by  an  average  of  more  than  three 
degrees  C.  The  maximum  single  temperature  reduction  observed  was  7.0  degrees.  White- 
throated  Sparrows,  therefore,  exhibit  variation  in  use  of  nocturnal  hypothermia.  We  found  a 
significant  negative  correlation  between  magnitude  of  skin  temperature  reduction  and  nighttime 
ambient  temperature  and  a  marginally  significant  negative  correlation  (p=  0.06)  between  depth  of 
hypothermia  and  a  physical  condition  index  calculated  by  dividing  each  subject’s  body  mass  by 
the  cube  of  its  wing  chord  length.  Funded  by  a  VAS  Undergraduate  Research  Grant,  a  Sigma  Xi 
Grant-in- Aid  of  Research,  and  a  Mary  Washington  College  Undergraduate  Research  Grant. 


GROWTH  RATE  OF  ONCOPELTUS  FASCIATUS,  THE  MILKWEED  BUG,  RAISED  AT 
DIVERSE  TEMPERATURES.  C.  Eninger  &  G.  F.  Birchard,  Dept  of  Biology,  George  Mason 
University.  Fairfax,  VA  22030.  Invertebrates  cultured  at  lower  temperatures  generally  take 
longer  to  hatch,  but  produce  larger  adults.  The  one  exception  to  this  rule  may  be  arthropods, 
which  show  the  opposite  trend.  Milkweed  bug  (Oncopeltus  fasciatus)  eggs  were  cultured  at  a 
range  of  temperatures  from  15  to  31  °C,  which  produced  a  hatching  curve  showing  that  higher 
temperatures  resulted  in  shorter  hatching  time.  Growth  curves  were  developed  at  18,  25,  and  29 
°C.  The  higher  temperatures  produced  larger  individuals  in  a  shorter  amount  of  time.  The  18  ”C 
insects  failed  to  reach  sexual  maturity  indicating  that  at  18  °C  or  lower  temperatures  the 
milkweed  bug  would  be  unable  to  survive.  These  results  revealed  that  higher  temperatures  result 
in  shorter  development  time  and  larger  insects.  This  consistent  was  with  the  trend  that 
arthropods  are  the  exception  to  the  hypothesis  that  cooler  temperatures  produce  larger  individuals 
in  invertebrates. 


TEMPORAL  AND  SPATIAL  DISTRIBUTION  OF  BOTTLENOSE  DOLPHINS  (TURSIOPS 
TRUNCATUS)  IN  AN  URBANIZED  ESTUARY.  K  M  Foss  and  J  R  Reed,  BCES  Dept., 
Christopher  Newport  Univ.,  Newport  News,  VA  23606.  The  Elizabeth  River  represents  a  unique 
habitat  for  bottlenose  dolphins.  The  entire  river  is  bounded  by  industrial,  urban,  suburban, 
commercial  shipping  and  military  facilities.  This  river  is  ranked  as  one  of  the  most  polluted  on 
the  east  coast.  Dolphins  are  migratory  in  this  area,  appearing  from  May  through  October.  Our 
studies  were  undertaken  during  2000  from  May  to  August  and  November  to  December,  and  in 
2001  from  January  to  October.  Standard  small  boat  passive  observation  techniques  were  used, 
along  with  photography  of  individuals.  A  total  of  72  cruises  were  made  with  41  encounters  in 
the  two  years.  A  total  of  495  individuals  were  identified  by  photo  ID,  and  a  Caughley  recapture 
estimate  was  used  to  give  a  population  estimate  of  678.  The  dolphins  appeared  in  small  numbers 
in  April  and  May,  increased  in  June  to  a  peak  mean  of  40  animals  sighted  per  encounter  in  July. 
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This  mean  decreased  to  27  in  August  and  September  and  dropped  to  0  from  November  to  March. 
The  group  size  ranged  from  1  to  over  80.  Encounters  per  cruise  peaked  at  a  mean  of  1  in  July, 
0.62  in  August  and  0.76  in  September.  Despite  a  peak  of  births  in  the  area  in  May~June,  there 
was  little  mating  during  June  or  July,  with  the  incidence  of  sexual  activity  peaking  in  September. 


IDENTIFICATION  OF  REGULATORY  BINDING  SITES  AND  CORRESPONDING 
TRANSCRIPTION  FACTORS  INVOLVED  IN  THE  DEVELOPMENTAL  CONTROL  OF 
5 ’NUCLEOTIDASE  EXPRESSION  IN  DICTYOSTELIUM  DISCOIDIUM.  N.S.Wiles.  C.M. 
Eristi,  M.  Ubeidat,  B.R.  Joyce  &  C.L.  Rutherford,  Dept,  of  Biol,  Va.  Polytechnic  Inst.  &  State 
Univ,,  Blacksburg  VA  24061 .  The  transcriptional  control  of  the  developmentally  expressed  gene 
encoding  5 "-nucleotidase  {5nt)  in  the  model  system  Dictyostelium  discoideum  was  analyzed  by 
creating  5’  and  internal  deletions  in  the  sequence  immediately  upstream  from  the  coding  region. 
Subsequent  fiisions  of  the  deletions  with  the  luciferase  reporter  gene  enabled  the  identification  of 
potential  sites  on  the  promoter  to  which  regulating  proteins  may  bind.  Specific  regions  identified 
by  quantification  of  reporter  gene  expression  were  further  analyzed  by  electromobility  gel  shift 
assays  (EMSA).  A  protein  found  to  specifically  bind  to  a  30  bp  probe  approximately  230  bp 
upstream  from  the  transcription  start  site  was  isolated  by  a  series  of  chromatography  techniques. 
The  highest  sequence  similarity  found  to  this  protein  was  with  folic  acid  synthase. 


EXPRESSION  AND  REGULATION  OF  ALKALINE  PHOSPHATASE  DURING 
DEVELOPMENT  OF  DICTYOSTELIUM.  Brad  Joyce.  M.  Ubeidat,  C.  Eristi,  N.  Wiles,  and  C.L. 
Rutherford,  Biol.  Dept.,  Va.  Tech,  Blacksburg  VA  24061.  Alkaline  phosphatase  (ALP)  may 
play  a  vital  role  in  the  development  of  Dictyostelium  because  during  development  it  becomes 
localized  to  a  narrow  band  at  the  interface  of  the  prestalk  and  prespore  zones.  We  amplified  880 
base  pairs  of  the  alp  5'  flanking  region  from  genomic  DNA  and  fused  it  to  a  LacZ  reporter  gene. 
In  situ  P-galactosidase  assays  of  Dictyostelium  transformants  showed  a  localization  pattern  that 
correlated  well  with  authentic  ALP  activity,  fi-galactosidase  assays  of  transformants  containing 
the  full-length  alp  promoter  fused  with  the  lacZ  gene  showed  a  steady  increase  in  activity  until 
mid  culmination  stage,  then  decreased  slightly  in  late  culminants  and  mature  fruiting  body 
structures.  Transcription  start  site  mapping  indicated  a  single  transcription  start  site  144 
nucleotides  upstream  of  the  start  codon.  A  potential  TATA  box  domain  was  present  beginning  at 
-29  and  ending  at  -24.  5'  Promoter  deletion  analysis  of  the  alp  5'  flanking  region  indicated  the 
presence  of  a  novel  cw-acting  element  between  -787  and  -517.  Preliminary  internal  deletion 
analysis  of  this  region  suggested  a  transcription  factor  binding  domain  between  -642  and  -574. 

UNDERSTANDING  THE  FUNCTIONAL  SIGNIFICANCE  OF  CONSERVED  SEQUENCE 
MOTIFS  IN  THE  ARABIDOPSIS  HEXOSE  TRANSPORTER,  STPl.  J.C.  Daniel,  Dept,  of 
Biol.,  James  Madison  Univ.,  Harrisonburg,  VA  22807.  The  hexose  transporters  of  Arabidopsis 
thaliana  belong  to  a  superfamily  of  proteins  called  major  facilitator  proteins,  which  have  been 
identified  in  humans,  plants  and  yeast.  These  proteins  share  a  common  predicted  secondary 
structure  which  includes  12  transmembrane-sparaiing  alpha-helices  (TMD),  internal  N-  and  C- 
termini,  a  long  extracellular  loop  between  TMD  1  and  2,  and  a  large  intracellular  loop  between 
TMD  6  and  7.  In  each  species  studied  so  far,  multiple  genes  which  encode  hexose  transporters 
have  been  identified.  In  addition,  hexose  transporters  have  been  found  to  transport  varying 
substrates  with  varying  kinetics.  Therefore,  the  group  of  transporters  is  thought  to  enable  the 
metabolism  of  sugars  according  to  organism-specific  internal  and  external  environmental 
conditions.  Our  hypothesis  is  that  amino  acid  sequence  motifs  can  be  identified  which  confer  the 
functional  diversity  seen  in  this  class  of  proteins.  In  this  preliminary  study,  we  have  identified 
several  possible  amino  acid  sequence  motifs  which  may  play  a  role  in  the  function  of  the 
Arabidopsis  thaliana  hexose  transporter,  STPl.  We  also  propose  to  elucidate  the  role  that  these 
amino  acid  sequence  motifs  play  in  determining  the  function  of  hexose  transporters. 
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COMPARISON  OF  DRAWINGS  AND  PLASTER  CASTS  OF  FISH  CARVINGS  FROM  THE 
PUNT  RELIEF  FROM  THE  TEMPLE  OF  HATSHEPSUT  AT  DEIR  EL-BAHARI.  Emily  Lord. 
Departments  of  Biology  and  Art  History,  Randolph-Macon  College,  Ashland,  VA  23005  and 
Eugene  Maurakis,  Science  Museum  of  Virginia,  2500  W.  Broad  St.,  Richmond  VA  23220. 
Objectives  of  this  study  were  to  document  the  differences  between  image  characteristics  of  the 
two  sources  (illustrations  in  Naville,  1898;  images  in  cast  of  relief  at  Virginia  Museum  of  Fine 
Arts,  VMFA)  of  the  Punt  relief  from  the  temple  of  Hatshepsut  at  Deir  El-Bahri,  and  to  identify 
species  depicted  therein.  Characteristics  of  30  species  in  illustrations  were  described  and 
compared  to  descriptions  made  of  the  corresponding  30  species  photographed  from  the  cast  at 
VMFA.  Number  of  differences  and  similarities  were  recorded  for  each  pair  of  corresponding 
icons  and  used  to  calculate  percent  difference  hypothesized  to  be  zero.  Compared  to  cast  images, 
all  illustrations  in  Naville  (1898)  contained  errors.  Average  number  of  errors  between  cast 
images  and  illustrations  was  4.1  (±1.96)  or  42.8%  (±18.8)  (range  =  1-8  or  14.3%  -  88.9%).  Over 
76%  of  the  illustrations  had  three  or  more  errors.  As  a  result,  we  reject  the  hypothesis  that  there 
are  no  differences  between  illustrations  of  made  by  Naville  in  1 898  and  photographs  of  aquatic 
species  on  Punt  relief  from  the  Temple  of  Hatshepsut  at  Deir  El-Bahari. 


AN  EVALUATION  OF  THE  MOST  PREDICTIVE  BIOASSESSMENT  INDICATORS  IN  THE 
IDENTIFICATION  OF  ACTIVE  AND  ABANDONED  MINE  LAND  IMPACTS  IN 
SUBWATERSHEDS  OF  THE  POWELL  RIVER,  SOUTHWESTERN  VIRGINIA.  B.S.  Echols', 
R.J.  Currie',  D.S.  Cherry^,  &  J.M.  UerzL  'Dept,  of  Biol,  Roanoke  Coll,  Salem,  VA  24153  and 
^Dept.  of  Biol.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg  VA  24061.  An  integrative 
bioassessment  conducted  from  spring  2002-spring  2003  was  used  to  determine  the  influences  of 
Active  Mining  and  Acid  Mine  Drainage  (AMD)  on  the  Powell  River.  Assessments  were 
conducted  on  a  subwatershed  scale  and  included  streams  and  tributaries  in  the  Looney  Creek, 
Pigeon  Creek,  Crab  Orchard,  Jordan’s  Branch,  Well’s  Branch,  Bundy  Creek  and  North  Fork 
Powell  River  sub  watersheds.  Bioassessment  included  acute  (48  hr)  water  column  tests  with 
Ceriodaphnia  dubia,  chronic  (10  day)  sediment  tests  with  Daphnia  magna,  sediment  metals 
analyses  (Cu,  Mn,  Fe,  Zn,  Al),  in  situ  (30  day)  Asian  clam  tests,  habitat  assessments  and  benthic 
macroinvertebrate  surveys.  Acute  water  column  toxicity  tests  and  habitat  assessments  did  not 
predict  instream  impacts  from  active  mines  or  AMD.  Sediment  toxicity  tests  and  in  situ  tests 
were  most  variable,  while  benthic  macroinvertebrate  surveys  (taxa  richness,  %  Ephemeroptera, 
Ephemeroptera-Plecoptera-Trichoptera)  were  determined  to  be  most  reliable. 


THE  EFFECTS  OF  DIFFERENT  MEDIA  ON  GROWTH  AND  CELL  DIFFERENTIATION  IN 
THE  CYANOBACTERIUM  ANABAENA  AZOLLAE.  M.  Brown  and  R.  Fisher,  Dept  of  Biology, 
VCU.  Richmond  VA  23284.  Our  objective  was  to  determine  if  media  variations  would  make  a 
considerable  difference  in  chlorophyll-a  concentrations  and  the  number  of  heterocysts  found  in 
the  cyanobacterium,  Anabaena  azollae.  A.  azollae  was  isolated  from  Azolla  mexicana  ferns, 
maintained  in  a  8-fold  dilution  of  the  medium  AA/8  at  25±3  Celsius.  Anabaena  was  cultured 
under  two  conditions:  5  ml  of  a  7  day  old  control  stock  in  AA/8  medium  and  5  ml  of  a  7  day  old 
control  stock  in  SSM  medium  which  lacks  phosphorus.  The  results  of  this  experiment  indicate 
that  even  though  the  chlorophyll-a  concentration  levels  increased  in  both  media  during  a  21  day 
growth  cycle,  there  was  a  30%  increase  in  the  chlorophyll-a  concentration  in  samples  grown  in 
the  AA/8  medium.  The  percentage  of  heterocysts  indicated  also  that  AAJ%  medium  provided  a 
heterocyst  rich  environment  that  decreased  over  the  21 -day  growth  cycle.  The  SSM  cultures 
developed  very  few  heterocysts  and  by  the  end  of  the  2 1  day  period  there  was  only  a  1  %  average 
of  heterocysts  to  akinetes  in  the  sample.  The  results  show  that  the  type  of  medium  does  make  a 
difference  in  the  percentage  of  heterocysts  and  the  chlorophyll-a  concentrations  (Supported  by 
the  National  Science  Foundation). 
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THE  EFFECT  OF  SODIUM  NITRATE  ON  GROWTH  AND  CELL  DIFFERENTIATION  IN 
THE  CYANOBACTERIUM  ANABAENA.  J.  Clanton*  &  R.  Fisher",  'Sciences,  J.  Sargeant 
Reynolds  Community  College,  Richmond  VA  23219  and  "Dept,  of  Biology,  Virginia 
Commonwealth  Univ.,  Richmond,  VA  23284.  This  project  evaluated  the  effects  of  sodium 
nitrate  on  the  growth  and  differentiation  of  the  cyanobacteria  Anabaena  azollae.  Cyanobacteria 
use  heterocysts  to  fix  atmospheric  nitrogen.  Studying  this  organism  allows  us  to  evaluate  cell 
differentiation  and  its  effects  on  a  larger  system.  All  cultures  were  grown  in  75  ml  of  AA/8 
medium  contained  in  125  ml  flasks.  Two  milliliters  of  sub-culture  were  transferred  weekly  into 
new  flasks  to  maintain  a  stock.  All  experiments  were  done  in  triplicate  &  repeated  three  times. 
Heterocyst  counts  were  taken  in  both  control  and  experimental  cultures  over  a  fourteen  day 
period.  Growth  was  monitored  as  a  change  in  chlorophyll  concentration.  Both  chlorophyll  and 
heterocysts  declined  in  sodium  nitrate  treated  cultures,  indicating  that  added  nitrogen  inhibited 
heterocyst  development.  Cyanobacteria  no  longer  had  to  fix  their  own  nitrogen  and  stopped  the 
differentiation  of  vegetative  cells  into  heterocysts.  These  processes  in  conjunction  showed  a 
direct  correlation  between  the  presence  of  heterocysts  and  a  healthy  growing  system.  This 
illustrates  the  impact  a  single  factor  can  have  on  a  biological  system. 


CHANGES  IN  CHLOROPHYLL  AND  PHYCOBILIPROTEIN  BIOSYNTHESIS  IN  THE 
CYANOBACTERIUM  ANABAENA  AZOLLAE  AS  INFLUENCED  BY  LIGHT  AND 
FRUCTOSE.  Tina  A.  R.  Smith'.  &  R.  Fisher",  'Sciences,  J.  Sargeant  Reynolds  Community 
College,  Richmond  VA  23227  and  "Dept,  of  Biol.,  Virginia  Commonwealth  Univ.,  Richmond 
VA  23284.  The  purpose  of  this  project  was  to  study  the  effects  of  various  light  and  nutrient 
conditions  on  phycobiliprotein  and  chlorophyll  a  biosynthesis  in  the  cyanobacterium  Anabaena 
azollae.  Conditions  included:  AA/8  medium  in  the  light;  AA/8  medium  in  the  dark;  AA/8 
medium  plus  fructose  in  the  light;  and  AA/8  medium  plus  fructose  in  the  dark.  All  experiments 
were  run  in  triplicate  and  repeated  three  times.  Phycobiliprotein  (Phy)  and  chlorophyll  a  (Chi) 
were  extracted  and  quantified  using  a  Varian  DMS  UV  Visible  spectrophotometer.  The  cultures 
grown  in  the  dark  with  fructose  did  grow  without  the  present  of  light.  The  results  were  that  the 
cultures  with  fructose  grown  in  the  dark  did  not  grow  as  well  as  the  cultures  in  the  light  but 
maintained  a  similar  Phy/Chl  ratio.  Cultures  grown  in  the  dark  without  fructose  had  a  reduced 
phycocyanin  concentration  but  had  an  increased  allophycocyanin  (APC)  and  phycoerythrin  (PE) 
ratio.  This  could  be  because  the  Anabaena  azollae  was  trying  to  adapt  to  its  environment  and  by 
doing  so  increase  its  levels  of  APC  and  PE. 


THE  DEVELOPMENT  OF  A  MODIFIED  OSMOTIC  FRAGILITY  TEST  TO  EXAMINE  THE 
EFFECTS  OF  COMPOUNDS  ON  THE  OSMOTIC  PERMEABILITY  PATHWAY  IN  BOVINE 
ERYTHROCYTES.  G.  J.  Seeba  and  S.  Gallik,  Dept  of  Biol.,  Mary  Washington  Coll., 
Fredericksburg,  VA  22401.  Previous  reports  have  demonstrated  that  mercurial  agents  reduce  the 
conductance  of  water  through  the  aquaporin-based  osmotic  permeability  pathway  (OPP)  of  red 
cells.  Three  versions  of  the  osmotic  fragility  test,  the  standard  osmotic  fragility  test  and  two 
variations  of  the  test,  were  used  in  this  study  to  determine  whether  these  simple  assays  can  be 
used  to  study  the  effects  of  mercurial  compounds  on  the  OPP  of  red  cells.  Results  from  each  test 
consistently  showed  that  0.125mM  HgClj  significantly  enhances  the  conductance  of  water 
through  the  osmotic  permeability  pathway  of  bovine  red  cells.  While  these  results  differ  from  the 
results  of  most  previous  studies,  which  show  that  HgClj  reduces  water  flow  through  the  OPP, 
the  results  of  this  study  show  that  all  three  osmotic  fragility  tests  are  sensitive  enough  to  show  the 
effects  of  HgClj  on  the  OPP  of  red  cells,  at  least  at  the  concentration  used  here. 
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THE  EFFECT  OF  TETRAETHYLAMMONIUM  ON  THE  AQUAPORIN-DEPENDENT 
OSMOTIC  PERMEABILITY  PATHWAY  IN  BOVINE  ERYTHROCYTES.  K.R.  Hitz  and  S. 
Gallik,  Dept  of  Biol.,  Mary  Washington  Coll.,  Fredericksburg,  VA  22401.  Tetraethylammonium 
chloride  (TEA)  is  a  known  ion  channel  blocker  shown  to  block  the  aquaporin-1 -based  osmotic 
permeability  pathway  (OPP)  in  oocytes  and  renal  epithelial  cells.  The  objective  of  this  study  was 
to  test  the  potency  of  TEA  on  the  aquaporin-based  osmotic  permeability  pathway  in  bovine  red 
blood  cells  using  three  versions  of  the  osmotic  fragility  test.  Results  of  each  test  consistently 
showed  that  100  mM  TEA  decreased  the  percentage  of  red  cells  hemolyzed  when  exposed  to 
hypotonic  balanced  salt  solutions  of  0.45%  and  0.5%  NaCl  osmotic  equivalence.  Since  osmotic 
permeability  is  the  basis  for  this  hemolysis,  we  interpret  this  decrease  in  percent  hemolysis  as  a 
decrease  in  the  osmotic  permeability  of  the  red  cell  plasma  membrane.  The  results  of  this  study 
also  confirmed  the  results  of  others  that  the  three  osmotic  fragility  tests  used  here  can  be  used  to 
study  the  effects  of  reagents  on  the  OPP  of  red  cells. 


Biomedical  and  General  Engineering 

CHARACTERIZATION  OF  ELECTROCONDUCTIVE  ppy-p(HEMA)  COMPOSITE 
HYDROGELS  FOR  SENSING  APPLICATIONS.  Sean  Brahim  and  Anthony  Guiseppi-Elie, 
Center  for  Bioelectronics,  Biosensors  and  Biochips  (C3B),  Virginia  Commonwealth  University, 
Richmond,  Virginia  23284-3038.  We  have  formed  composites  of  inherently  conductive 
polypyrrole  (PPy)  within  highly  hydrophilic  poly(hydroxyethyl  methacrylate)  [p(HEMA)] -based 
hydrogels.  These  materials  retain  the  hydration  characteristics  of  hydrogels  as  well  as  the 
electroactivity  and  electronic  conductivity  of  CEPs  and  are  thus  called  ‘electroconductive 
hydrogels’.  The  electrical  and  electrochemical  properties  of  these  polymer  composites  have  been 
investigated.  The  electrochemical  characteristics  observed  by  cyclic  voltammetry  suggest  less 
facile  reduction  of  PPy  within  the  composite  hydrogel  compared  to  electropolymerized  PPy,  as 
shown  by  the  shift  in  the  reduction  peak  potential  from  -472  mV  for  electropolymerized 
polypyrrole  to  -636  mV  for  the  electroconductive  composite  gel.  The  network  impedance 
magnitude  for  the  electroconductive  hydrogel  remains  quite  low,  ca.  100  Ohms,  even  upon 
approach  to  DC,  over  all  frequencies  and  at  all  offset  potentials  suggesting  retained  electronic 
(bipolaronic)  conductivity  within  the  composite.  The  loss  of  electroactivity  after  extensive 
oxidation  of  the  composite  material  is  a  phenomenon  that  suggests  an  inherent  change  in  the 
backbone  structure  of  the  polypyrrole  component;  a  likely  disruption  of  conjugation  throughout  the 
PPy  backbone. 


BIOPRODUCTION  OF  FERULIC  ACID  FROM  PLANT  CELL  WALL  MATERIAL.  Kennard  M. 
Brunson  and  Rachel  Chen,  Dept,  of  Chemical  Engineering,  Virginia  Commonwealth  University, 
Richmond,  VA.  This  work  is  part  of  an  ongoing  project  to  find  an  environmentally  fiiendly  or  "green" 
process  for  synthesizing  femlic  acid,  a  precursor  to  vanillin  which  is  used  in  the  flavoring  of  food. 
This  important  precursor  molecule  is  attached  via  ester  bonds  to  the  xylan  chains  of  plant  cell  wall 
material  such  as  com  bran  and  oat  spelt,  which  can  be  broken  by  using  ferulic  acid  esterase  (FAE).  At 
this  point  three  ftigal  species,  Aspergillus  niger  NRRL  3,  Aspergillus  flams  NRRL  3518  and 
Aspergillus  flavus  NRRL  4998  where  grown  on  oat  spelt  xylan  for  4  days  to  induce  the  production  of 
femlic  acid  esterase.  The  supernatant  of  the  growth  medium  was  then  incubated  in  a  lOOuM  solution 
of  methyl  ferulate  and  analyzed  by  UV-Vis  spectroscopy.  Of  these  three  strains  only  Aspergillus  niger 
NRRL  3  had  definitive  results  indicating  that  ferulic  acid  was  produced  with  a  54.7%  conversion  of 
methyl  ferulate  on  day  2,  its  peak  day  of  growth,  and  an  enzyme  activity  of  10.9mU/niL  of 
supernatant. 
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PC12  CELL  MOTILITY  AND  ADHESION  MONITORING  USING  MICROELECTRODE 
ARRAYS,  G.  Slaughter*.  E.  Bieberictf  and  A.  Guiseppi-Elie*,  'Dept  of  Chemical  Engineering  and 
Center  for  Bioelectronics,  Biosenors  and  Biochips,  VCU  and  ^Medical  College  of  Georgia.  The 
development  of  cell-based  biosensors  in  our  laboratory  is  directed  to  detecting  the  effects  of  several 
chemical  welfare  stimulants  on  the  central  nervous  system.  The  sensing  systems  developed  are  based 
on  pheochromocytoma  cells,  PC  12,  that  have  properties  associated  with  immature  neural  crest  cells 
that  are  destined  to  evolve  into  adrenal  gland  chromaffm  cells  or  sympathetic  neurons.  These  neuron¬ 
like  cells  are  capable  of  generating  processes  from  their  cell  body  upon  attachments  to  adhesion 
substrates.  However,  in  the  presence  of  specific  trophic  substances,  or  hormones,  the  cells  undergo 
differentiation,  which  results  in  the  cessation  of  proliferation.  Currently,  we  use  a  microelectrode  array 
system  for  measuring  the  change  in  electrical  impedance  of  a  small  electrode  to  AC  current  upon 
seeding  the  cells  into  individual  wells.  There  are  many  compounds  of  interest  to  bio-chemical  welfare 
research.  We  are  interested  in  those  molecules  that  bind  to  cell  surface  receptors  and  affect  the 
functionality  of  the  CNS  when  the  receptor  receives  these  ligands.  As  a  result  of  binding,  changes  in  a 
signal  transduction  pathway  are  observed  due  to  the  enhancement  or  reduction  of  the  cellular 
response.  Through  the  use  of  a  time  course  monitoring  of  cellular  response,  we  can  avoid  many 
potential  false  positives  that  occurs  with  the  assays  that  are  concerned  with  binding. 


CHARACTERIZATION  OF  ALIGNED  CARBON  NANOTUBE  POLYMER  COMPOSITES. 
S.Banda'.  Z.Ounaies',  C.Park^  and  J. Wilkinson^,  'Virginia  Commonwealth  University,  ^National 
Institute  of  Aerospace,  Wirginia  Polytechnic  Institute  and  State  University.  Carbon  nanotubes 
(CNTs)  may  be  aligned  by  applying  an  electric  or  magnetic  field,  or  by  mechanical  stretching.  This 
project  focuses  on  characterization  of  an  electric  field  aligned  CNT/  UDMA/HDDMA  polymer 
composite.  An  ac  field  of  200Vpp  at  various  frequencies  (10  Hz,  10  KHz,  and  100  KHz)  was  applied 
for  1 0  min  at  room  temperature.  Conductivity  measurements  were  done  parallel  and  perpendicular  to 
the  aligned  CNTs.  It  was  observed  that  the  conductivity  of  thelOKHz  and  lOOKHz  cases  was  higher 
than  the  lOHz  case  in  both  the  parallel  and  perpendicular  conditions.  Conductivity  in  the  parallel 
condition  was  higher  than  the  perpendicular  condition  for  all  the  aligned  cases,  while  the  unaligned 
case  showed  a  similar  conductivity  in  both  conditions.  A  ratio  of  parallel  to  perpendicular 
conductivity  indicates  a  better  alignment  for  the  10  Hz  case.  Using  the  polarizer  light  in  Raman 
spectroscopy,  the  tangential  peak  of  the  CNTs  was  investigated.  The  results  for  the  unaligned  case 
did  no  show  a  preferential  direction,  whereas  the  aligned  cases  indicate  a  preferred  aligned  direction. 
A  good  alignment  of  the  CNTs  in  the  polymer  was  achieved  as  evidenced  by  conductivity 
measurement  and  Raman  spectroscopy.  Future  work  will  concentrate  on  varying  the  CNT  content  and 
further  investigation  of  frequency  and  field  effects. 


PVDF:  THE  PERFECT  POLYMER  FOR  PIEZOELECTRIC  PERFORMANCE  IN  PEOPLE?  C.  P. 
Barnes'.  Z.  Ounaies',  W.  D.  Bates^  and  G.  E.  Wnek^,  'Department  of  Mechanical  Engineering  and 
^Department  of  Chemical  Engineering,  Virginia  Commonwealth  University,  Richmond  VA  23284. 
Piezoelectric  polyvinylidene  fluoride  (PVDF)  has  been  used  in  intracorporeal  biomedical  applications 
including  vascular  grafts,  nerve  guidance  channels,  and  bone-growth  stimulation  devices.  The  degree 
and  type  of  crystallinity,  as  well  as  molecular  orientation,  are  greatly  responsible  for  the  desirable 
properties  displayed  in  PVDF;  for  piezoelectric  studies,  the  crystalline  P-phase  is  the  most  desirable. 
The  electrospraying  technique  was  used  to  deposit  thin  PVDF  films.  Effects  of  solvent  type  and 
electric  field  strength  were  monitored  and  analyzed.  Characterization  methods  included  x-ray 
diffraction,  differential  scanning  calorimetry,  dielectric  spectroscopy,  and  thermally  stimulated  current 
analysis.  Films  sprayed  at  1  kV/cm  were  mostly  amorphous,  while  those  at  2  kV/cm  and  4  kV/cm 
displayed  predominantly  a-phase.  The  dielectric  constant  of  each  film  at  room  temperature  was 
greater  than  the  corresponding  value  of  unpoled  PVDF  film.  Charge  relaxation  was  detected  in  all 
electrosprayed  films,  though  the  magnitude  was  less  than  that  observed  in  commercial  PVDF  film. 
Future  work  will  include  using  higher  electric  fields  and  adding  nucleation  sites  to  potentially  enhance 
P-phase  growth. 
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AGE  AND  TASK  DEPENDANT  VARIATIONS  IN  PRE-MOTOR  POTENTIALS  IN  THE 
BRAIN.  Vishwadeep  Ahluwalia.  Peter  Lum,  Ding-Yu  Fei,  Department  of  Biomedical  Engineering 
and  Stephen  Harkins,  Department  of  Gerontology,  Virginia  Commonwealth  University,  Richmond, 
VA.  The  purpose  of  this  study  was  to  investigate  the  dependency  of  premotor  potentials  of  the  brain 
on  age  and  task.  Eight  healthy  volunteers  participated  in  this  study.  The  subjects  were  classified  into 
two  categories:  young  and  old.  Each  subject  was  asked  to  perform  tasks  like  isometric  elbow-flexion, 
pick  and  place  task  and  reaction  time  tasks.  Thirty  to  40  trials  were  recorded  for  each  of  the  above 
tasks.  EEG  signals  were  recorded  fi'om  the  scalp  overlying  the  supplementary  motor  area  (SMA)  and 
EMG  signals  were  recorded  from  the  skin  surface  overlying  the  belly  of  the  biceps  brachii  and 
brachioradialis  muscles  during  all  contractions.  In  each  trial,  the  EMG  onset  was  used  as  the 
triggering  signal  for  EEG  averaging.  Premotor  potential  amplitude  was  measured  from  the  beginning 
to  the  peak  of  the  negative  slope.  The  magnitude  of  the  negative  slope  from  the  SMA  location  was 
highly  correlated  with  the  age  of  the  subject  and  task  executed  by  the  subject.  These  results  suggest 
that  premotor  potentials  are  age  and  task  dependant. 


EFFECT  OF  PARKINSON’S  DISEASE  ON  EYE  AND  HEAD  MOVEMENTS  DURING 
READING.  P.  Puthoor.  K.  Peters  and  P.  A.  Wetzel,  Dept  of  Biomedical  Engineering,  VCU.  The 
oculomotor  system's  main  fimction  is  to  position  the  eyes  such  that  the  maximum  amount  of  visual 
information  can  be  extracted  from  the  object  of  interest.  Parkinson’s  patients  suffer  significantly  more 
from  impaired  oculomotor  function,  i.e.  visual  discomfort,  diplopia,  blurry  vision,  than  non- 
Parkinson’s  patients.  Symptoms  of  Parkinson’s  disease  can  be  attributed  to  reduced  dopamine  levels. 
The  study’s  intention  was  to  determine  the  effects  of  Parkinson’s  on  reading.  During  reading,  there  is 
a  sequence  of  eye  movements  that  can  be  quantified.  An  eye  and  head  tracker  system  was  used  to 
obtain  the  eye  and  head  positions  while  reading  text.  Measurements  of  interest  include  the  number 
and  duration  of  fixations,  regressions,  and  saccade  latencies.  The  effects  of  Parkinson’s  disease  on 
reading  have  not  previously  been  established,  and  preliminary  data  is  still  being  gathered.  Difficulty 
was  encountered  when  attempting  to  quantity  the  data  because  of  discrepancies  appearing  due  to 
tremor  of  the  eye  and  head.  Fixation  time  and  number  of  regressions  appear  to  be  higher  for 
Parkinson’s  patients  than  for  non-Parkinson’s  patients.  A  greater  number  of  subjects  must  be  studied 
in  order  to  frilly  postulate  the  effects  of  Parkinson’s  disease  on  reading. 


NON-PARAMETRIC  ANALYSIS  OF  THE  ANKLE  JOINT  IN  INVERSION  EVERSION.  ^ 
Russell.  G.  Kauffman  &  K.  Granata,  ESM  Virginia  Tech.  Most  ankle  injuries  occur  too  quickly  for 
reflex  or  higher  level  motor  control  to  actively  increase  the  stiffness  of  the  joint  by  increasing  muscle 
activation.  The  passive  stiffiiess  of  the  ankle  joint  contributes  significantly  to  stability  in  both  static 
and  dynamic  situations.  Several  subjects  were  asked  to  stand  on  a  cradle  which  was  perturbed  via  a 
servo  motor  in  the  directions  of  inversion  eversion.  The  ankle  position  and  the  torque  applied  via  the 
motor  were  collected  and  used  in  the  analysis.  Three  cases  were  studied,  one  normal  stance  (zero 
moment),  plantarflexion  moment  applied,  dorsiflexion  moment.  The  analysis  was  designed  to  verify 
that  activation  of  muscles  for  planter/dorsiflexion  increase  the  rotational  stiffness  of  the  ankle  in  the 
inversion  eversion  directions.  The  increase  plantarflexion  and  dorsiflexion  resulted  in  a  significant 
increase  (p<0.05)  in  the  natural  frequency.  Based  on  this  we  can  conclude  that  the  inversion/eversion 
stiffness  of  the  ankle  has  increased  with  plantar/dorsiflexion  moment.  Results  suggest  plantarflexion 
moments  as  in  walking  or  running  may  help  to  stabilize  the  ankle  against  inversion  injury. 


PARAMETRIC  EVALUATION  OF  ANKLE  IN  INVERSION-EVERSION,  S.  Russell  and  K. 
Granata,  Engineering  Science  and  Mechanics  Dept,  Virginia  Tech.  Active  joint  torques  are  the 
primary  source  of  power  and  control  in  dynamic  walking  motion.  However  the  amplitude,  rate, 
timing  and  phasic  behavior  of  the  joint  torques  necessary  to  achieve  natural  and  stable  performance 
are  difficult  to  establish.  The  developed  control  of  active  joint  torques  resulted  in  a  smooth  and 
gradual  application  of  energy  to  the  system  throughout  the  gait  cycle.  Previous  models  have  assumed 
energy  input  was  impulsive,  i.e.  short  bursts  of  energy,  despite  human  data  that  illustrates  power 
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consumption  is  smooth  and  continuous.  Results  from  this  model  suggest  that  most  of  the  torque 
necessary  for  walking  is  applied  at  the  ankle  joint  agreeing  with  human  data  indicating  push-off  is  a 
primaiy  energy  source  for  walking.  However,  because  there  were  neither  feet  nor  extensible  legs  the 
model  predicted  unrealistic  dorsal  flexion  moments.  To  permit  improved  realism  and  pathologic 
modeling  fiiture  studies  will  expand  the  model  to  include  knee  and  ankle  joints.  A  simple  linearized 
version  of  the  previously  developed  virtual  slope  control  is  developed  and  implemented  resulting  in 
stable  controlled  gait  patterns. 


PROPRIOCEPTIVE  AND  LOWER  EXTREMITY  TORQUE  CHANGES  FOLLOWING  ANKLE 
SPRAIN.  P.E.  Pidcoe,  Department  of  Physical  Therapy,  Virginia  Commonwealth  University, 
Richmond,  VA.  Purpose:  To  evaluate  weight-bearing  (WB)  performance  following  ankle  sprain  and 
the  effect  of  a  proprioceptive  taping  intervention.  Methods:  Subject  was  a  27  yo  male  2-days  post 
ankle  sprain  requiring  no  hospital  treatment.  Kinematic  and  kinetic  data  were  collected  weekly  as  the 
subject  performed  balance  and  single  leg  landing  tasks.  Analysis:  Lower  extremity  (LE)  joint  torques 
during  landing  and  sway  area  during  balance  tasks  were  computed.  Percent  changes  from  baseline 
were  evaluated.  Results:  Week  0  injured-ankle  joint  torque  was  diminished.  By  week  9,  LE  joint 
torque  on  the  injured  side  resembled  the  uninvolved  side.  Sway  area  increased  to  160%  by  week  3 
and  then  decrease  progressively  to  62%  below  baseline  by  week  9.  Proprioceptive  taping  increased 
injured-ankle  peak  torque  and  decreased  sway  area  by  50%.  Conclusion:  The  post-injury  increase  in 
proximal  joint  torque  during  landing  implies  a  proximal  control  strategy  to  decrease  stress  on  the 
injured  joint.  Balance  declined  prior  to  improvement  by  week  9,  implying  proprioceptive  change  is 
not  directly  linked  to  landing  performance  change.  Taping  improved  balance  and  landing 
performance,  suggesting  increased  afferent  gain. 


MECHANICAL  ENERGY  MEASURES  DURING  UNSTABLE  PLATFORM  STEP-UP 
ACTIVITIES.  Pidcoe.  P.E..  Burnet,  E.N.  and  Carpenter,  M.T.,  Department  of  Physical  Therapy, 
Virginia  Commonwealth  University,  Richmond,  VA.  Purpose:  To  determine  if  energy  expenditure 
differences  exist  during  the  performance  of  a  repetitive  stepping  activity  under  a  variety  of  controlled 
stability  conditions.  Methods:  Thirty  subjects  (20-40  yo)  with  no  history  of  balance  problems  were 
instructed  to  perform  a  cyclical  self-paced  stepping  activity  onto  a  6-inch  high  labile  platform 
(Reebok  CORE  Board)  for  nine  5-second  trials.  The  trials  used  combinations  of  3  board  stiffness 
settings  and  3 -foot  positions.  Segment  motion  data,  ground  reaction  force  data,  and  LE  EMG  data 
were  digitally  sampled.  Analysis:  Step  cycles  were  determined  via  force  data  and  segment  motion 
data  was  used  to  compute  per-step-cycle  total  mechanical  energy  (translational  kinetic  +  rotational 
kinetic  +  potential).  Step  cycle  EMG  data  was  filtered  and  processed  with  an  RMS  algorithm  using  a 
40ms  time  constant.  Energy  and  EMG  data  were  normalized  by  total  step  cycle  time.  Results:  LE 
EMG  and  mechanical  energy  requirements  increased  as  a  function  of  increased  foot  width  and 
decreased  platform  stiffness.  This  change  was  statistically  significant  (0.05  level)  for  the  most 
unstable  platform  setting  and  the  widest  foot  position  trials.  Conclusion:  Controlling  these  variables  in 
an  exercise  protocol  may  be  an  effective  way  to  progress  the  activity  and  place  higher  demands  on 
postural  control  mechanisms.  FUNDING  SOURCE:  Reebok,  Inc.  (June  2002). 

TRANSVERSELY  ISOTROPIC  BEHAVIOR  OF  ARTICULAR  CARTILAGE-A  FINITE 
ELEMENT  STUDY.  Michael  J  Aral  and  Jennifer  S.  Wayne,  Orthopaedic  Research  Laboratory, 
Departments  of  Biomedical  Engineering  and  Orthopaedic  Surgery,  Virginia  Commonwealth  Univ., 
Richmond,  VA  23298-0694.  Articular  cartilage  is  a  resilient  load  bearing  anisotropic  tissue  whose 
unique  structural  organization  and  compositional  makeup  endow  it  with  the  ability  to  help  lubricate 
joints  and  distribute  loads  over  joint  surfaces.  The  mechanical  behavior  of  cartilage  has  been  modeled 
with  finite  element  (FE)  analysis  to  give  greater  insight  into  the  tissue's  function.  Our  prior  study 
indicated  that  FE  modelling  of  cartilage  as  an  isotropic  material  (i.e.  same  material  behavior  in  all 
coordinate  directions)  did  not  accurately  represent  the  organizational  structure  of  the  collagen  fibrils, 
thus  leading  to  discrepancies  between  FE  predictions  and  experimental  results.  In  friis  study, 
ABAQUS®  was  used  to  model  articular  cartilage  as  a  transversely  isotropic  material  which  mimicked 
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the  preferred  orientation  of  collagen  fibrils  in  the  tissue's  superficial  tangential  zone.  This  model  was 
then  subjected  to  an  aspiration  pressure,  simulating  the  experimental  configuration  of  a  new  testing 
technique  being  developed  by  our  laboratory.  FE  predictions  with  this  new  model  will  be  more 
reflective  of  the  tissue's  true  mechanical  behavior. 


FINITE  ELEMENT  ANALYSIS  OF  BONE  FIXATION  CONSTRUCTS.  John  R.  Owen',  and 
Jennifer  S.  Wayne*’^  'Department  of  Orthopaedic  Surgery,  and  ^Department  of  Biomedical 
Engineering,  Virginia  Commonwealth  University,  Richmond,  VA  23298.  Finite  element  analysis 
(FEA)  is  an  important  analytical  tool  for  predicting  the  outcome  of  orthopaedic  procedures. 
Predicting  the  strength  of  femoral  allograft  struts,  used  for  bone  stock  augmentation,  is  one  example 
where  FEA  can  be  usefiil.  This  study  models  three  point  bending  of  femoral  allograft  struts  using 
Solid  Works  software  to  build  the  geometric  models,  ABAQUS  software  to  perform  the  FEA,  and 
comparison  to  experimental  data  for  validation.  Using  limited  physical  measurements,  recorded 
during  a  previous  experimental  biomechanical  study,  geometries  were  approximated  for  five  femoral 
struts.  A  range  of  material  properties  was  approximated  fi'om  the  literature.  The  stmt  models  were 
"loaded"  in  ABAQUS  at  a  rate  of  0.5mm/sec.  Experimental  specimen  stiffiiesses  fell  to  the  low  end 
of  assumed  material  properties  in  the  FEA.  However,  the  models  correctly  predicted  that  the 
posterior  stmts  would  be  stiffer  than  anterior  stmts,  and  generally  predicted  the  ranking  of  stiffiiesses 
among  the  experimental  specimens  (low  to  high).  This  study  illustrates  the  power  of  FEA  in 
predicting  trends  and  relative  differences,  even  with  limited  geometric  and  material  property  data. 


REDESIGN  OF  A  TRACTION  SYSTEM  USING  3-D  SOLID  MODELING  AND  FINITE 
ELEMENT  ANALYSIS.  S.  Sell  and  J.S.  Wayne,  Dept,  of  Biomedical  Engineering,  Virginia 
Commonwealth  Diversity.  The  McCarthy  Hip  Distractor,  manufactured  by  Innomed  Inc.,  is  a  hip 
distraction  kit  often  used  for  hip  arthroscopy  procedures.  This  kit  consists  of  a  stainless  steel  bed 
frame,  a  foam  padded  groin  stabilizer,  a  threaded  distraction  rod,  and  a  form  fitting  polymer  boot. 
However,  this  design  had  several  glaring  issues  that  needed  to  be  addressed,  and  these  issues  served 
as  the  basis  for  this  project.  The  frame  and  groin  stabilizer  lacked  flexibility  in  their  design  and 
required  that  the  patient  be  positioned  laterally  on  the  operating  table.  In  addition,  the  frame  was 
unable  to  provide  any  sort  of  adjustment  to  accommodate  tall  patients.  The  polymer  boot  tended  to 
cause  a  forced  plantarflexion  when  loaded,  ultimately  leading  to  the  boot  slipping  down  the  leg  of  the 
patient  and  causing  tissue  damage.  The  Innomed  design  also  lacked  any  sort  of  device  for  measuring 
the  load  applied  to  the  leg.  Redesign  was  performed  with  the  Solidworks  3-D  modeling  program  and 
the  COSMOS  FEA  program.  A  frame  was  designed  that  allowed  for  use  in  either  supine  /  lateral 
positions  and  had  the  ability  to  accommodate  patients  of  all  sizes.  The  groin  stabilizer  was  also 
designed  for  use  in  either  supine  /  lateral  position.  A  boot  model  was  designed  that  reduced  the 
forced  plantarflexion.  The  effectiveness  of  the  boot  and  frame  models  was  verified  by  the  FEA 
results.  A  load  measurement  device  (parallel  spring  /  LVDT)  was  also  modeled  using  Solidworks,  in 
hopes  of  establishing  hip  distraction  displacement  guidelines. 


BONE  MARROW  DERIVED  MESENCHYMAL  STEM  CELL  SEEDING  OF  PLA  SCAFFOLDS. 
K.  J.  Shields.  C.  L.  McDowell,  and  J.  S.  Wayne,  Orthopaedic  Research  Laboratory  Department  of 
Biomedical  Engineering,  Virginia  Commonwealth  University  and  VA  Medical  Center,  Richmond, 
VA  23298.  The  development  of  a  suitable  method  for  biologic  repair  and  replacement  of  damaged 
articular  cartilage  has  been  a  challenging  area  of  orthopaedic  research.  Through  the  use  of  appropriate 
biomaterials  and  an  adequate  cell  source  it  is  possible  to  tissue  engineer  a  scaffold  for  potential 
cartilage  repair.  The  current  study  takes  advantage  of  a  foaming  process,  which  creates  a  porous 
scaffold  of  polylactic  acid  (PLA).  Pluripotent  mesenchymal  stem  cells  derived  from  bone  marrow 
were  used  as  the  cell  source.  Placement  into  a  3D  scaffold  and  under  certain  culturing  conditions  the 
stem  cells  differentiate  into  chondrocytes.  SEM  analysis  revealed  cellular  adherence  to  the  scaffold 
and  the  morphology.  Histology  included  both  H&E  and  Safi^nin-O  staining  revealing  cellular 
proliferation  and  proteoglycan  production,  respectively.  Future  endeavors  include 
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immunohistochemical  analysis  to  determine  cellular  products,  implantation  of  the  scaffolds  into 
cartilage  defects  to  determine  their  in  vivo  capabilities,  and  mechanical  testing  of  scaffolds  through 
indentation  testing  to  determine  their  mechanical  properties  and  compare  to  other  articular  cartilage 
repair  tissues. 


DEVELOPMENT  OF  A  NOVEL  ELECTROSTATIC  PROCESSING  DEVICE  FOR  TISSUE 
ENGINEERING  APPLICATIONS.  Eugene  Boland  and  Gary  Bowlin,  Dept,  of  Biomed.  Eng.,  VCU 
Richmond,  VA  23298.  The  specific  aim  of  this  project  is  to  develop  an  automated  electrostatic 
processing  apparatus  that  is  capable  of  controlling  the  three-dimensional  architecture  of  an 
electrospun  scaffold.  Electrospinning  is  based  upon  the  simple  concept  of  using  charge  separation  to 
overcome  surface  tension.  This  technique  is  documented  and  can  be  adapted  for  tissue  engineering 
scaffold  production.  The  next  generation  electrospinning  apparatus  to  be  presented  (designed, 
fabricated,  and  validated)  incorporates  multi-axis  controls  for  repeatable  scaffold  production.  Fiber 
alignment  and  scaffold  density  are  precisely  controlled  by  rotating  a  mandrel  along  one  axis, 
translation  along  that  same  axis,  and  rotation  around  the  second  axis  perpendicular  to  the  electrospun 
fiber  stream.  Through  extensive  laboratory  analysis  (mechanical  testing  and  both  optical  and  electron 
microscopy),  parameters  such  as  fiber  orientation,  diameter  and  mechanics  will  be  predictive  from 
specific  polymer  setups.  Our  laboratory  has  demonstrated  the  ability  to  electrospin  natural  and 
synthetic  polymers  and  this  will  be  incorporated  into  the  electrospinning  apparatus  to  tailor  scaffolds 
to  meet  specific  tissue  engineering  needs  by  creating  a  truly  biomimicking  scaffold/  extracellular 
matrix. 


DOES  THE  DIAPHRAGM  MOTION  FOLLOW  A  NORMAL  DISTRIBUTION?  IMPLICATION 
FOR  RADIATION  TREATMENT  PLANNING  FOR  LfVER  AND  LOWER  LOBE  LUNG 
CANCER  PATIENTS.  Rohini  George.  Paul  J.  Keall,  Vijay  R.  Kini^  Sastry.  S.  Vedam^ 
Viswanathan  Ramakrishnan,  Virginia  Commonwealth  University,  Richmond,  VA  23298.  Radiation 
therapy  planning  involves  the  addition  of  margins  to  tumor  volume.  This  margin  is  composed  of  the 
set-up  margin  and  the  internal  margin.  Set-up  error  (S)  is  assumed  to  be  a  normal  distribution  while 
the  diaphragm  motion  (R),  which  is  the  internal  motion  for  liver  and  lower  lobe  lung  cancer  patients, 
is  not  a  normal  distribution.  The  rationale  for  this  study  if  the  following  conditions  are  met,  it  is 
correct  to  use  quadrature  summation:  (1)  R  convolved  with  S  is  normal  and  (2)  standard  deviation  of 
total  error  is  the  quadrature  sum  of  standard  deviations  of  R  and  S.  Sixty  fluoroscopy  datasets  for  five 
patients  acquired  over  five  sessions  were  analyzed  to  obtain  diaphragm  motion.  The  diaphragm 
motion  datasets  that  did  not  initially  have  normal  distributions  were  convolved  with  a  normal  signal 
representing  set-up  error  (S).  We  determined  the  standard  deviation  of  set-up  error  for  which 
convolution  of  diaphragm  motion  and  set-up  error  was  approximately  normal.  For  most  treatment 
planning  purposes  diaphragm  motion  and  set-up  error  can  be  added  in  quadrature  to  obtain  the  margin 
for  the  tumor  volume. 


WHERE  FAST  FOURIER  TRANSFORM  FAILS  =  A  COMMON  MISUSE  OF  FREQUENCY 
ANALYSIS  ON  CARDIAC  SIGNALS  AND  IMPACT  ON  MECHANISM  OF  VENTRICULAR 
FIBRILLATION.  Suresh  E.  Joel  and  Peng-Wie  Hsia,  Dept,  of  Biomedical  Engineering,  Virginia 
Commonwealth  University,  Richmond,  VA  23298-0694.  Distribution  of  excitation  frequencies 
underlying  ventricular  fibrillation  (VF)  has  been  explored  with  fast  Fourier  transform  (FFT) 
technique.  Specifically,  "discrete"  dominant  frequency  (DF)  domains  on  the  heart  surface  have  been 
discovered  and  used  to  support  certain  mechanism  of  fibrillation.  We  applied  zero-padded  FFT  (ZP- 
FFT)  to  improve  the  accuracy  of  DF  measurements  in  short  VF  segments.  It  is  shown  that  the 
accuracy  of  DF  measurement  is  limited  using  traditional  FFT  when  the  inherent  frequency  resolution 
is  inadequate.  The  detection  error  of  DF  measurement  could  be  either  confined  by  the  frequency 
resolution  or  at  times  greater  than  the  resolution  itself  if  the  spectrum  has  multiple  peaks.  To  highlight 
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the  potential  impact  on  the  validity  of  the  proposed  mechanism  of  fibrillation,  we  demonstrated  that 
the  claimed  "discrete"  DF  domains  might  no  longer  be  valid  in  some  cases  if  the  ZP-FFT  were 
utilized  to  generate  the  high-precision  (HP)  DF  map.  However  some  DF  domain  boundaries  persisted. 
Our  results  suggest  that  the  HPDF  map  analysis  maybe  more  suitable  in  VF  mechanism  studies. 


DYSARTHRIC  ISOLATED  SPEECH  RECOGNITION-A  NEURAL  NETWORK  APPROACH. 
Prasad  D  Polur  and  Gerald  E  Miller,  Department  of  Biomedical  Engineering,  Virginia 
Commonwealth  University,  Richmond  VA  23284-0694.  This  work  examines  application  of  artificial 
neural  networks  (ANN)  towards  creating  a  small  vocabulary,  isolated  and  speaker  dependent  speech 
recognition  system,  specifically  related  to  dysarthric  (cerebral  palsy)  speech.  A  small  size  vocabulary 
spoken  by  three  cerebral  palsy  subjects  is  chosen.  The  spectral  features  like  Mel  frequency  cepstral 
coefficients  (MFCC)  and  energy  coefficients  are  extracted  per  frame  and  fed  as  input  elements  to  a 
multiple  ANN  system.  These  networks  have  a  feed  forward  architecture  and  use  the  backpropagation 
with  momentum  algorithm  (for  training/adjustment  of  weights).  The  output  of  this  network  is  a 
category  sequence,  which  is  loaded  into  a  pattern  search  function  that  matches  the  input  sequence 
with  a  set  of  target  word  patterns,  in  order  to  determine  the  ‘most  likely’  uttered  word.  By  embedding 
singular  training  files  in  the  multiple  ANN  system  during  its  training  cycle  the  performance  of  the 
network  was  enhanced  to  >  80%.  The  level  of  variability  in  input  dysarthric  speech  patterns  (per 
speaker)  limits  the  vocabulary  and  to  some  extent,  the  reliability  of  the  ANN,  however  its  application 
seems  to  hold  sufficient  promise,  offering  both  efficiency  and  robustness. 


APPLICATION  OF  NEURAL  NETWORKS  TO  SPEECH  RECOGNITION  USING  MINIMAL 
PRE-PROCESSING.  Grace  M.  Ferguson  and  Rosalyn  S.  Hobson,  Dept,  of  Electrical  Engineering, 
Virginia  Commonwealth  Univ.,  Richmond  VA.  23284.  Pre-processing  has  been  considered  to  be 
integral  part  of  speech  recognition  when  using  neural  networks;  however,  pre-processing  is  time- 
consuming  and  the  computer  code  for  pre-processing  methods  can  be  more  complex  than  the  neural 
network  speech  recognition  code.  Earlier  work  has  shown  that  a  neural  network  system  with  minimal 
pre-processing  can  recognize  a  small  sample  set  with  1 00%  accuracy;  this  research  was  expanded  by 
increasing  the  sample  size  to  10  different  words.  Three  different  neural  network  structures  (a  back- 
propagation  feed-forward  network,  a  Kohonen  self-organizing  map,  and  a  radial  basis  function 
network)  are  trained  and  tested  with  this  data  set.  Although  both  the  back-propagation  and  radial 
basis  function  neural  networks  could  train  with  100%  accuracy,  neither  could  recognize  untrained 
words  with  any  significant  level  of  recognition.  The  back-propagation  neural  network  could 
recognize  untrained  words  with  1 5%  accuracy,  and  neither  the  Kohonen  network  nor  the  radial  basis 
function  network  could  recognize  untrained  words.  The  results  do  not  show  an  adequate  level  of 
recognition  from  any  of  the  networks  to  state  that  speech  recognition  with  minimal  pre-processing  is 
viable. 


A  COUPLED  MODEL  FOR  PREDICTING  HEAT  AND  MASS  TRANSFER  FROM  A  HUMAN 
BODY  TO  ITS  SURROUNDINGS.  Ahmed  AL-Mogbel.  Department  of  Mechanical  Engineering, 
College  of  Engineering,  Old  Dominion  University,  Norfolk,  VA  23529,  USA.  Prediction  of  heat  and 
mass  transfer  from  the  human  body  requires  an  accurate  3-dimmensional  model  of  the  body  and  the 
interaction  between  the  body  and  its  surroundings.  The  characterization  of  heat  and  moisture  transfer 
between  the  body  and  its  surroundings  can  affect  the  microclimate  around  the  body  as  well  as  the 
human  sensation  of  heat.  Similarly,  the  microclimate  surrounding  the  body  can  also  significantly 
affect  the  local  heat  transfer  characteristics  of  that  body.  Two  numerical  methods  were  combined  to 
characterize  the  thermal  environment  around  a  human  body,  which  considered  body  surface 
temperature  as  well  as  heat  and  mass  balance  equations.  Results  were  obtained  for  several  metabolic 
rates,  and  different  vent  air  velocities  including  room  temperatures  that  were  used  to  map  the  region 
of  thermal  comfort  and  discomfort. 
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TIMID  ABOUT  POLYEVUDE?  David  Callahan*.  Jared  A.  Rud',  Zoubeida  Ounaies',  Tyler  St.ClaiE 
and  Cheol  Park^,  'Electroactive  Materials  Characterization  Laboratory,  School  of  Engineering, 
Virginia  Commonwealth  University,  ^Department  of  Chemistry,  Mary  Washington  College,  and 
^National  Institute  of  Aerospace.  Aerospace  applications  require  high  thermal,  mechanical,  and 
chemical  stability.  Towards  that  end,  polyimide  polymers  with  carbon  nanotube  (CNT)  inclusions 
were  investigated  for  use  in  aircraft  and  spacecraft.  A  nitrile  pendant  to  the  main  chain  of  the 
polyimide  generates  a  piezoelectric  behavior.  Both  film  and  fiber  forms  were  examined.  CNT- 
Polyimide  composite  films  showed  superior  dielectric  and  electrical  properties  as  compared  to  the 
pristine  polymer.  The  dielectric  constant  and  conductivity  of  the  composites  improved  greatly, 
reaching  percolation  at  only  0.1  wt%  and  0.06wt%  CNT,  respectively.  In  addition  to  the  increase  in 
the  dielectric  constant,  the  dielectric  relaxation  strength  was  enhanced,  indicating  an  increase  in  the 
piezoelectric  behavior  with  CNT  inclusions.  Electrospun  nanofibers  are  studied  for  their  lightweight, 
high  surface  to  volume  ratio,  and  flexibility.  Polyimide-CNT  fibers  were  isolated  and  electroded. 
Conductivity  and  dielectric  measurements  are  on  going.  Further  exploration  into  processing  and 
testing  of  both  films  and  fibers  is  continuing  to  explore  repeatability  and  investigate  effects  of 
frequency  and  temperature. 


DETECTION  AND  MONITORING  OF  DNA  HYBRIDIZATION  USING  QUARTZ  CRYSTAL 
MICROBALANCE  AND  IMPEDANCE-BASED  TECHNIQUES,  Tin  Christopher  Hang  and 
Anthony  Guiseppi-Elie,  In  the  present  work,  we  report  on  the  surface  processes  and  chemistries  that 
are  necessary  to  prepare  electrodes  as  substrates  for  DNA  hybridization.  We  are  concerned  with  the 
study  of  immobilizing  30-mer  single  stranded  DNA  (ssDNA)  probes  onto  quartz  crystal  oscillators 
and  monitoring  hybridization  with  the  complementary  target  sequences  for  the  development  of  a 
piezoelectric  DNA  diagnostic  sensor.  Furthermore,  electrochemical  impedance  spectroscopy  (EIS)  is 
also  used  to  detect  and  monitor  changes  in  conductivity  as  a  consequence  of  hybridization.  Fourier 
transform  infi-ared  spectroscopy-attenuated  total  reflectance  (FTIR-ATR)  is  employed  to  chemically 
characterize  surfaces  and  to  determine  changes  in  surface  chemistry,  while  atomic  force  microscopy 
(AFM)  is  used  to  examine  the  topography  of  these  surfaces.  Significant  changes  in  electrochemical 
impedance  and  mass  values  were  observed  as  a  consequence  of  epoxy-flictionalized  surface  treatment 
(?m  =  271  ng),  immobilization  of  amine-terminated  oligonucleotides,  and  DNA  hybridization  upon 
exposure  to  its  complement  (11%  increase  in  impedance  modulus  at  120  Hz). 


ANALYSIS  OF  HEART  RATE  VARIABILITY  AND  OXYGEN  CONCENTRATION  LEVEL 
DURING  PRETERM  INFANT  FEEDING,  N.  A.  Fahmv'.  P.A.  Wetzel'  and  R.  H.  Pickier^,  'Dept  of 
Biomedical  Engineering  and  ^School  of  Nursing,  VCU.  To  minimize  potential  adverse  reaction  to 
care-giving  activities,  bottle-feeding  should  be  provided  when  the  pre-term  infant  indicates  readiness 
to  receive  care.  Therefore,  the  primary  purpose  of  this  PRO  Study  is  to  test  a  predictive  model  of 
bottle-feeding  readiness  and  bottle-feeding  outcomes.  There  are  many  aspects  in  bottle-feeding 
readiness  including:  the  infant’s  neurological  maturation,  the  severity  of  illness,  and  pre-feeding 
autonomic,  motor,  and  behavioral  state  organization.  On  the  other  hand,  bottle-feeding  outcomes 
include:  suck-swallow-breathe  coordination,  feeding  performance  during  and  post-feeding 

autonomic,  motor,  and  behavioral  state  organization.  The  secondary  purpose  of  the  PRO  Study  is  to 
examine  how  bottle-feeding  readiness  and  outcomes  are  influenced  by  bottle-feeding  experience  in  an 
infant.  Being  able  to  identify  any  relationship  between  suck,  swallow,  and  breathe  activities  will  help 
in  potentially  preventing  any  further  delays  in  the  infant’s  neurological  development. 

SOUND  PRESSURE  LEVEL  GENERATION  AND  LIQUID  ATOMIZATION  IN  CONSTANT 
AND  VARIABLE  CROSS  SECTIONAL  RESONATORS.  Thaer  M.  Almasri.  and  Bart  Lipkens, 
Dept,  of  Mechanical  Engineering,  VCU.  The  main  objectives  of  this  work  are  to  investigate  the 
generation  of  large  sound  pressure  levels  (SPL)  in  standing  wave  fields  in  closed  cavities  (resonators) 
and  the  effects  of  cavity  shaping  on  the  SPL  and  to  examine  the  ability  to  generate  small  droplets 
acoustically  (acoustic  atomization)  in  two  resonators,  one  with  constant  cross  sectional  area  (CCSA) 
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and  one  with  variable  cross  sectional  area  (VCSA).  The  SPL  is  measured  at  the  rigid  end  of  the 
resonators.  A  SPL  of  170  dB  is  obtained  in  the  CCS  A  resonator  while  the  VCSA  resonator  produced 
a  SPL  of  175  dB.  Liquid  atomization  is  obtained  for  the  same  resonators.  The  results  indicate  that 
SPLs  exceeding  170  dB  are  created  experimentally  in  both  resonators.  SPLs  of  159  dB  or  higher  are 
required  for  the  liquid  atomization  to  start  when  low  viscosity  fluid  is  used.  SPLs  of  161.8  dB  or 
higher  are  needed  to  atomize  large  viscous  fluid. 


Botany 

THE  FLORA  OF  VIRGINIA  PROJECT:  A  2002-2003  UPDATE.  Marion  B.  Lobstein.  Dept,  of 
Biology,  Northern  Virginia  C.C.,  Manassas,  VA  22205.  Virginia,  for  its  landmass,  has  the  most 
diversity  of  species  of  vascular  plant  of  any  state  in  the  United  States.  It  had  the  first  flora,  the  Flora 
Virginica  in  1739  yet  does  not  have  a  modem  flora.  The  Virginia  Academy  of  Science  for  over  fifty 
years  has  supported  efforts  to  produce  a  modem  Flora  of  Virginia.  In  2001  the  Foundation  of  the 
Flora  of  Virginia,  Inc,  was  formed  in  2001  and  in  May  2002  received  501(c)  3  status.  Additional 
members  of  FFVP  Board  of  Directors  have  been  added  to  broaden  the  base  of  support  for  this  Project. 
Progress  continues  to  be  made  on  the  efforts  to  develop  a  Flora  of  Virginia  including  fiind-raising  and 
public  outreach  efforts.  At  the  2002  VAS  Annual  Meeting  a  Symposium  on  the  Flora  of  Virginia  was 
well  attended  and  a  similar  symposium  cosponsored  the  Foundation  of  the  State  Arboretum  was  held 
in  April  2003  and  was  a  successful  fund-raising  and  public  outreach  effort.  A  copy  of  a  1 762  edition 
of  the  Flora  Virginica  has  been  donated  to  the  Project  and  will  be  used  in  fund-raising  and  public 
outreach.  Work  on  the  content  of  the  Flora  of  Virginia  including  the  first  150  illustrations  have  been 
commissioned,  completed,  and  funded  by  VAS  funds  and  preliminary  work  on  species  descriptions 
has  begun  with  involvement  of  the  Flora  Advisory  Board,  which  includes  the  membership  of  the 
Virginia  Flora  Committee.  The  Project  efforts  to  develop  a  modem  Flora  of  Virginia  by  2010  have 
taken  root  and  continue  to  make  substantial  progress. 


VEGETATION  OF  NORTH  AMERICA  -  A  PICTORIAL  JOURNEY.  Richard  W.  Rhoades,  61 1 
Rose  Ave.  Blacksburg,  VA  24060.  Plant  ecologists  generally  recognize  thirteen  ecosystem  types  or 
biomes  worldwide.  These  are  tropical  rainforest,  tropical  savanna,  the  atoll,  broad  sclerophyll 
vegetation,  temperate  grassland,  warm  deserts,  cold  deserts,  temperate  deciduous  forest,  temperate 
rain  forest,  montane  coniferous  forest ,  boreal  coniferous  forest,  alpine  tundra,  and  arctic  tundra.  In 
north  America,  in  the  broad  sense,  1 1  of  these  occur,  all  except  the  atoll  and  tropical  savanna.  The 
presentation  was  illustrated  by  photos  of  the  major  ecosystem  types  of  North  America  and  some  less 
common  vegetation  types:  sand  dunes,  salt  marshes,  freshwater  aquatic  vegetation,  and  a  shale  barren. 

TOXIC  ALGAE  IN  CHESAPEAKE  BAY.  Harold  G.  Marshall,  Dept,  of  Biological  Sciences,  Old 
Dominion  University,  Norfolk,  VA.  23529-0266.  Since  1985  an  extensive  phytoplankton  monitoring 
program  has  been  documenting  the  composition  and  abundance  of  taxa  in  Chesapeake  Bay  and 
Virginia  tidal  tributaries.  Marshall  (1994,  1996)  previously  reported  over  700  taxa  within  the  Bay,  of 
which  12  species  were  reported  as  toxic.  More  recently  this  list  has  expanded  to  16  potentially  toxic 
species  that  have  been  identified  within  the  Bay  system.  These  include:  Cochlodinium  polykrikoides, 
Dinophysis  acuminata,  D.  acuta,  D.  caudata,  D.  fortii,  D.  norvegica,  Karlodinium  micrum, 
Lingulodinium  polyedrum,  Pflesteria  piscicida,  P.  shumwayae,  Prorocentrum  minimum,  Chattonella 
verruculosa.  Amphora  coffeaeformis,  Pseudo-nitzschia  pungens,  P.  pseudodelicatissima,  and  P. 
seriata.  In  recent  years,  more  extensive  blooms  of  Karlodinium  micrum,  Dinophysis  acuminata,  and 
Prorocentrum  minimum  have  occurred  in  Bay  tributaries.  This  may  indicate  a  trend  and  also  future 
concern  for  their  increased  abundance  occurring  and  subsequent  impact  to  the  region,  and  for  other 
toxic  algae  finding  Bay  and  tributary  waters  favorable  to  their  development.  The  presence  of 
Chattonella  verruculosa  in  Bay  waters  also  represents  the  broad  occurrence  of  this  taxon  in  U.S. 
eastern  coastal  estuaries.  (Supported  by  the  Virginia  DEQ  Chesapeake  Bay  Monitoring  Program). 
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CONSTRUCTING  BOTANICAL  WEBSITES  USING  DATABASES:  THE  FLORA  OF  THE 
SHENANDOAH  VALLEY  PROJECT.  Stephen  M.  Biscotte.  Matthew  Hoover,  Curtis  C.  Clevinger, 
and  Jennifer  A,  Clevinger,  Dept,  of  Biology,  Janies  Madison  University,  Harrisonburg,  VA  22807. 
The  Flora  of  Shenandoah  Project  is  an  interactive  web-based  flora  of  various  locales  in  the 
Shenandoah  Valley.  The  website  contains  road  and  GPS  maps  of  those  locales  as  well  as  a  searchable 
database-driven  flora  with  detailed  descriptions  and  digital  photographs  of  each  entry.  Seventy-five 
different  plant  species  were  digitally  photographed  over  the  course  of  3  seasons.  The  database  was 
produced  using  Filemaker  Pro  and  the  site  design  and  maintenance  is  powered  by  Dreamweaver  MX. 
This  database  will  serve  as  an  educational  resource  for  several  JMU  courses  including:  BIO  386  Field 
Botany,  BIO  486  Systematics  of  Vascular  Plants  and  BIO  124  Ecology  and  Evolution  Laboratory. 
Internet  Address:  http://csmres.jmu.edu/bioweb/clevingerlab/fiorashenandoah/ 

USE  OF  ITS  rDNA  SEQUENCES  TO  RESOLVE  PHYLOGENETIC  AND  BIOGEOGRAPHIC 
PATTERNS  OF  SPECIATION  IN  THE  GENUS  SEMPERVIVUM.  Catherine  Hurley  &  Kevin  G. 
Jones,  Dept,  of  Natural  Sciences,  The  University  of  Virginia’s  College  at  Wise,  Wise  VA  24293. 
Sempervivum  are  a  genus  of  succulent  alpine  plants  that  are  native  to  mountain  ranges  from  Morocco 
to  Turkey.  Species-level  distinctions  among  Sempervivum  remain  obscure.  DNA  sequences  derived 
from  the  internal  spacer  regions  of  rDNA  were  used  to  develop  a  phylogenetic  species  concept  and 
pattern  of  speciation  for  Sempervivum.  ITSl  sequences  were  generated  from  eight  collections 
encompassing  six  distinct  morphological  species.  Pairwise  comparisons  of  sequences  were  used  to 
determine  if  there  were  consistent  patterns  in  nucleotide  divergence  between  and  within  species.  In 
aligned  sequences,  23  positions  were  polymorphic,  of  which  14  were  phylogenetically  informative. 
The  majority  of  apomorphic  sites  were  in  the  ITS  from  S.  atlanticum.  There  were  no  sequence 
differences  in  the  three  isolates  of  S.  tectorum.  Parsimony  analysis  produced  five  equally 
parsimonious  trees.  The  consensus  tree  resolved  S.  atlanticum,  S.  nevadense,  and  S.  cantabricum  as 
discreet  species.  There  was  little  resolution  between  S.  tectorum,  S.  andreanum,  and  S.  pyrenaicum. 
The  data  indicates  a  continuous  pattern  of  speciation  from  North  Afiica,  through  Spain,  the  Pyrenees, 
to  the  Alps. 


THE  ‘DALLAS  BLOB’-  THIRTY  YEARS  ON.  Kevin  G.  Jones,  Dept,  of  Natural  Sciences,  The 
University  of  Virginia’s  College  at  Wise,  Wise  VA  24293.  In  June  1973,  the  Dallas  suburb  of 
Garland  was  briefly  panicked  by  an  apparent  invasion  by  slimy,  crawling,  yellow  ‘aliens’.  This 
phenomenon,  which  became  known  as  the  ‘Dallas  Blob’  was  actually  an  unusually  large-scale 
Ihiiting  of  the  athelial  myxomycete,  Fuligo  septica.  Thirty  years  on,  Fuligo  has  proved  a  valuable 
biological  system  for  studying  a  range  of  myxomycete-associated  questions.  The  abundance  of  spores 
in  Fuligo  sporocarps  has  allowed  development  of  an  effective  DNA  extraction  method,  applicable  to 
a  range  of  myxomycetes,  and  provided  the  potential  for  genetic  fingerprinting  of  Fuligo  populations, 
to  better  understand  the  impact  of  diverse  reproduction  systems  on  species-level  variation.  In 
addition,  unusual  patterns  of  18S  rDNA  fragment  amplification  from  Fuligo  DNA  support  the 
presence  of  group  I  introns  in  this  species,  and  suggest  that  Fuligo  athelia  are  associated  with  a 
diverse  and  to-date,  largely  uncharacterized  fiingal  flora. 

A  TAXONOMIC  REVISION  OF  SILPHIUM  (ASTERACEAE)  FOR  THE  FLORA  OF  NORTH 
AMERICA  PROJECT.  Jennifer  A.  Clevinger,  Dept,  of  Biology,  James  Madison  University, 
Harrisonburg,  VA  22807.  In  preparation  for  writing  the  treatment  of  Silphium  for  the  Flora  of  North 
America  project,  a  revision  was  undertaken  using  morphological  and  molecular  evidence.  The 
revision  includes  12  species  and  13  varieties  in  two  sections.  Section  Composita  includes  four 
species  with  scapiform  growth  and  tap  roots.  Section  Silphium  includes  eight  species  with  caulescent 
growth  and  fibrous  roots.  In  Section  Silphium  there  are  five  varieties  that  are  new  combinations  in  S. 
asteriscus,  S.  radula  and  S.  integrifolium.  Additionally  Silphium  simpsonii  var.  wrightii  is  reduced  to 
synomyny  under  S.  radula  and  S.  confertifolium  is  reduced  to  synomymy  under  S.  asteriscus. 


74 


VIRGINIA  JOURNAL  OF  SCIENCE 


TREE  SURVEY  OF  LEE  PARK,  A  SECONDARY  GROWTH  FOREST  IN  PETERSBURG, 
VIRGINIA.  Sara  Alexander  &  Stewart  Ware,  Dept,  of  Biol,  Col.  Of  Wm.  &  Maiy,  In  Lee  Park,  a 
secondary  growth  forest  and  wildflower  refuge  centered  on  Wilcox  Lake  in  Petersburg,  Virginia,  a 
baseline  vegetation  study  was  conducted.  Forty  Bitterlich-circular  plot  sampling  sites  were  taken  in 
areas  of  older  hardwood  and  maturing  pine  stands.  For  each  site,  basal  area  was  determined  and 
density  within  a  10  m  radius  circle  was  recorded.  Relative  basal  area  and  density  were  found  for  each 
species,  and  importance  value  was  calculated  for  trees  having  diameter  >10  cm.  Vegetation 
ordinations  were  constructed  using  both  detrended  correspondence  analysis  (DCA)  and  non~metric 
multidimensional  scaling  (NMS),  and  cluster  analyses  were  performed.  Of  the  33  recorded  species,  24 
occurred  in  the  overstory,  largely  dominated  by  five  species  of  oak:  white  oak,  scarlet  oak,  southern 
red  oak,  northern  red  oak,  and  chestnut  oak.  Loblolly  pine  was  dominant  in  ten  stands.  Pine  stands 
with  a  higher  concentration  of  hardwood  species,  especially  tulip  poplar,  sweetgum,  and  northern  red 
oak,  were  likely  further  along  in  succession.  Chestnut  oak,  a  Piedmont  species,  was  unusually 
abundant,  likely  due  to  Lee  Park’s  location  at  the  intersection  of  vegetational  regions.  Southern  red 
oak  and  post  oak  showed  a  tendency  to  co-occur. 


PHYLOGENETICS  OF  THREE  RARE  NORTH  AMERICAN  MALLOW  GENERA.  Tracey 
Slotta,  Biology  Department,  Virginia  Tech,  The  Malacothamnus  Alliance  consists  of  three  genera, 
Iliamna,  Malacothamnus,  and  Phymosia.  Uiamna  has  8  species,  all  are  considered  as  rare,  found 
from  Virginia  to  California.  Malacothamnus  has  11  species,  2  are  endangered  and  3  are  rare, 
endemic  to  California  and  northern  Mexico.  Phymosia  has  8  species,  2  are  rare,  found  in  the 
Bahamas  and  central  Mexico,  the  genera  are  group  together  into  the  alliance  b^ed  on  chromosome 
number  and  several  morphological  traits.  Here,  DNA  sequence  data  were  used  to  verify  their 
relationships.  The  project  aims  to  establish  the  monophyly  of  the  alliance  and  determine  intergeneric 
and  interspecific  relationships.  Results  are  presented  from  sequence  data  from  the  nuclear  ITS  and 
GBSSI  regions  and  the  chloroplast  TmL-F  region.  All  three  regions  consist  of  coding  and  non-coding 
segments.  Of  the  three,  GBSSI  has  the  greatest  variation.  Furthermore,  GBSSI  is  found  in  multiple 
copies,  3  in  Iliamna  and  2  in  Malacothamnus,  Preliminary  niorphological  data  are  also  presented. 
Twenty-six  morphological  traits  were  used  in  Iliamna  to  examine  species  delineations.  The 
characters  chosen  exhibit  significant  variation  that  may  be  useful  in  determining  species  classification. 


AN  EXAMINATION  OF  EXCYSTMENT  IN  TWO  HETEROTROPHIC  DINOFLAGELLATES 
WITH  COMPLEX  LIFE  CYCLES:  PFIESTERIA  PISCICIDA  AND  AN  UNNAMED 
CRYPTOPERIDINIOPSOID.  Todd  W.  Stem.  Todd  A.  Egerton  &  H.G.  Marshall.  Department  of 
Biological  Sciences,  Old  Dominion  University,  Norfolk  VA,  23529.  In  culture,  Pfiesteria~Like 
Organisms  (PLOs)  behave  similarly,  exhibiting  a  life  cycle  that  deviates  from  the  typical 
dinoflagellate  life  cycle.  This  deviation  includes  the  formation  of  an  apparently  temporary  or  transient 
cyst  or  resting  stage.  Preliminary  observations  made  during  the  routine  maintenance  of  these  cultures 
suggest  that  motile  zoospores  enter  and  exit  this  stage  in  response  to  levels  of  algal  prey  {Rhodomonas 
sp.)  available.  In  this  study  we  examined  how  two  different  PLO  species  {Pfiesteria  piscicida  and  an 
unnamed  Cryptoperidiniopsoid)  form  these  cysts  in  response  to  starvation,  as  well  as  how  the  addition 
of  algal  prey,  algal  prey  exudate,  and  culture  media  affects  the  rate  of  excystment  for  both  species. 
The  results  of  this  study  suggest  that  the  two  species  exhibit  marked  differences  in  the  level  of 
encystment  in  response  to  the  absence  of  algal  prey.  This  study  also  suggests  that  the  addition  of  algal 
prey  is  not  required  in  order  to  trigger  excystment. 

FLORISTIC  STUDIES  OF  ROCKINGHAM  COUNTY,  VIRGINIA.  Conley  K.  McMullen*, 
Melinda  D.  Peters'  &  L.  Michael  Hilf,  'Dept,  of  Biology,  James  Madison  University,  ^Biology  Dept., 
Bridgewater  College.  In  1986,  1095  species  (125  families,  490  genera)  of  vascular  plants  were 
reported  for  Rockingham  County,  Virginia.  Since  then,  tiiis  county  has  experienced  unprecedented 
population  grovrth  and  the  loss  of  undisturbed  habitat  that  accompanies  such  growfli.  It  is  important 
that  the  flora  be  accurately  documented  at  this  time,  to  serve  as  a  baseline  for  fiiture  studies  as  well  ^ 
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to  provide  information  to  local  plant  taxonomists,  foresters,  county  agents,  and  amateur  botanists. 
Such  a  survey  may  also  provide  new  plant  distribution  information  useful  to  The  Flora  of  Virginia 
Project.  Rockingham  County,  located  in  the  northwestern  part  of  Virginia,  comprises  864  square 
miles  and  is  botanically  rich  and  diverse.  The  crests  of  the  Blue  Ridge  form  the  county's  eastern 
boundary,  while  Shenandoah  Mountain  forms  the  western  boundary.  Five  basic  habitats  are 
represented,  including  mountain  crests  and  slopes,  valley  woodlands,  old  meadows,  floodplains,  and 
shale  barrens.  The  study  reported  here,  initiated  in  June  2002,  is  updating  county  records  via  new 
field  collections  and  review  of  herbarium  records.  At  this  time,  398  new  numbers  have  been 
collected.  Voucher  specimens  are  deposited  in  the  herbarium  of  James  Madison  University  (JMUH). 


ESTABLISHMENT  OF  PERMANENT  PLOTS  IN  THE  MATOAKA  WOODS,  COLLEGE  OF 
WILLIAM  AND  MARY,  UTILIZING  THE  NCVS  PROTOCOL.  Jacob  R.  G.  Kribel  &  Stewart  A. 
Ware,  Dept,  of  Biol.,  College  of  William  and  Mary,  Williamsburg,  VA  23185.  The  Matoaka  Woods 
has  been  identified  as  one  of  the  best  examples  of  a  maturing  post-cultivation  forest  in  the  Virginia 
Coastal  Plain  (VCP).  Nineteen  permanent  plots  were  established  in  the  Matoaka  Woods  in  the 
summer  of  2002,  utilizing  the  NCVS  protocol.  Permanent  plots  already  established  in  the  woods, 
using  the  combined  Bitterlich-circular  quadrat  (CBCQ)  method,  were  resampled  and  the  results 
compared  to  the  NCVS  results.  In  the  NCVS  plots,  Fagus  grandifolia,  Quercus  alba  and 
Liriodendron  tulipifera  had  the  highest  importance  among  stems  greater  than  10cm,  with  the  CBCQ 
plots  showing  the  same  trends.  NCVS  plots  had  Cornus florida,  F.  grandifolia,  Acer  rubrum  and  Ilex 
opaca  with  the  highest  importance  among  stems  less  than  10cm.  Quercus  alba  and  F.  grandifolia 
dominated  canopy  cover,  while  F.  grandifolia  alone  dominated  intermediate  cover.  Detrended 
correspondence  analysis  of  these  results  showed  little  separation  among  stands;  however,  plots  did 
separate  based  on  less  than  10cm  stem  importance,  with  plots  having  high  F.  grandifolia,  A.  rubrum, 
and  /.  opaca  importance  grouping  together  and  A.  rubrum  grouping  separately  from  them. 


EFFECT  OF  SYNSEED  MATRIX,  PLANTING  MEDIUM,  AND  STORAGE  ON  EMERGENCE 
OF  ENCAPSULATED  SAINTPAULIA  RUPICOLA  SHOOT  TIPS.  Michael  H.  Renfroe.  Cierra  R. 
Simpson,  &  Sarah  A.  McDonald,  Dept.  Biology,  James  Madison  University,  Harrisonburg,  VA 
22807.  One  species  of  African  violet,  Saintpaulia  rupicola,  is  a  criticially  endangered  species  native 
to  Kenya.  We  investigated  methods  of  propagating  this  plant  using  synthetic  seeds,  or  synseeds. 
Synseeds  were  prepared  by  encapsulation  of  shoot  primordia  that  had  been  grown  in  vitro  from  leaf 
explants.  When  comparing  shoot  development  from  synseeds  composed  of  alginate  only  with  shoot 
development  from  synseeds  that  also  included  nutrients  in  the  matrix,  inclusion  of  nutrients  produced 
results  that  were  not  significantly  different  than  if  seeds  were  planted  immediately.  Inclusion  of 
nutrients  was  beneficial  if  the  seeds  were  stored  for  one  week  prior  to  planting.  Storage  for  one  week 
significantly  increased  shoot  development  from  synseeds  whether  nutrients  were  included  or  not. 
Planting  synseeds  on  a  full-strength  basal  medium  was  more  beneficial  than  planting  synseeds  on  a 
reduced-strength  basal  medium.  These  results  demonstrate  that  synseeds  may  be  useful  for 
propagating  plants  of  this  endangered  species  and  thus  could  contribute  to  germplasm  conservation 
efforts. 


ANATOMY  AND  DEVELOPMENT  OF  FLOWERS  IN  ACALYPHA  DEAMII  AND  A. 
RHOMBOIDEA  (EUPHORBIACEAE);  A  COMPARATIVE  STUDY  OF  STAMINATE, 
PISTILLATE,  AND  ALLOMORPHIC  STRUCTURES.  Patricia  A.  Truman  &  W.  John  Hayden, 
Dept,  of  Biol.,  Univ.  of  Richmond,  Richmond,  VA  23173.  Acalypha  deamii,  a  newly  recognized 
element  of  the  Virginia  flora,  is  characterized  by  two-carpellate  gynoecia,  relatively  large  seeds,  and 
routine  occurrence  of  allomorphic  pistillate  flowers  and  fhiits.  Allomorphic  structures  are  rare  in  the 
closely  related  A.  rhomboidea.  All  reproductive  structures  of  both  species  were  studied  via  LM  and 
SEM.  Structureally,  both  species  are  similar.  Staminate  flowers  have  four  crystal-encrusted  valvate 
sepals,  eight  stamens,  divergent  vermiform  anthers,  helically  thickened  endothecium,  and  amoeboid 
tapetum.  Ovules  are  bitegmic,  crassinucellate,  and  anatropous.  Fruits  bear  gland-tipped  and  simple. 
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uniseriate  trichomes  and  an  internal  zone  of  prominently  sclerified  cells.  Inner  integument  features  an 
outer  layer  of  sclerified  arcuate  cells  and  an  inner  layer  of  tracheids.  Allomorphic  structures  are  one- 
carpellate;  their  markedly  muricate  surfaces  lack  gland-tipped  trichomes,  and  sclereid  layers  of  finits 
are  weakly  developed.  Similarly,  testa  of  allomorphic  seeds  in  A.  deamii  is  weakly  sclerified. 
Otherwise,  ordinary  and  allomorphic  reproductive  structures  are  similar,  including  presence  and  form 
of  evidently  viable  embryos. 


A  TAXONOMIC  AND  CHROMOSOMAL  STUDY  OF  THE  GENUS  (LILIACEAE) 

IN  VIRGINIA.  L.  Michael  Hill,  Bridgewater  College.  The  purpose  of  the  study  was  to  examine  the 
genus  Trillium  in  Virginia.  This  study  involved  the  construction  of  taxonomic  keys,  species 
descriptions,  distribution  maps  and  chromosome  number  and  structure.  It  is  presented  as  a  suggestion 
as  to  how  Trillium  could  be  treated  for  the  Virginia  Flora  manual  project.  Chromosome  number  for 
all  ten  taxa  was  reported  as  2n=10,  which  was  determined  using  a  standard  Fuelgen  stain  of  root  tip 
chromosomes  after  a  colchicine  pretreatment.  Chromosome  morphology  of  all  ten  of  the  taxa  was 
also  determined.  For  the  most  part,  the  chromosome  mophology  of  the  ten  Virginia  taxa  were  similar 
to  published  reports  for  the  same  taxa  outside  of  Virginia,  with  the  exception  of  T  undulatum.  Also 
discussed  was  the  varietal  status  of  Trillium  pusillum.  The  literature  was  reviewed,  and  chromosomal 
morphology  of  the  proposed  Trillium  pusillum  var.  monticulum  Bodkin  and  Reveal,  and  T  pusillum 
var.  virginianum  Femald,  were  found  to  be  the  same. 


ANALYSIS  OF  TWO  GENE  CANDIDATES  IMPLICATED  IN  RESISTANCE  TO 
MYCORRHIZAE  IN  BRASSICA.  Michael  Sullivan  and  B.B.  Kreutzer,  College  of  Integrated 
Science  and  Technology,  James  Madison  University.  Mycorrhizae  are  a  symbiotic  relationship 
between  plant  roots  and  ftmgi  that  are  of  fundamental  importance  to  plant  growth  and  establishment. 
Yet  little  is  known  about  its  genetics.  This  project  examined  two  possible  gene  candidates  for 
resistance  to  mycorrhizal  development.  PCR  analysis,  nucleotide  sequencing  and  a  pairwise  BLAST 
search  of  two  genes,  defensin  and  RGAIO,  were  completed  for  host  and  non-host  tissues.  Both 
defensin  and  RGAIO  have  been  implicated  in  plant  resistance  to  fungal  infection.  DNA  sequences 
with  a  high  homology  (98%)  to  published  defensin  sequences  were  found  in  the  nonhosts  Brassica 
rapa  and  Brassica  rapa  subspecies  fpekinensisl  but  were  absent  in  the  hosts  Nicotiana  tabacum  and 
Hordeum  iubatum.  No  RGAIO  sequences  were  found  in  host  or  nonhost  tissue.  Further  BLAST 
analysis  revealed  that  DNA  sequences  with  high  homology  to  the  defensin  gene  are  found  in  listed 
nonhost  plants  but  not  in  host  plants.  These  results  indicate  that  the  defensin  gene  may  be  involved  in 
the  colonization  resistance  of  nonhosts.  A  gene  knock-out  study  is  underway  to  test  the  effect  that 
removal  of  the  defmsin  gene  has  on  the  development  of  mycorrhizae  in  nonhosts. 


EFFECTS  OF  MINING  RECLAMATION  ON  FUNGAL  BIODIVERSITY  IN  THE 
APPALACHIANS.  Rebecca  C.  McCowan  &  Kevin  G.  Jones,  Dept,  of  Natural  Sciences,  The 
University  of  Virginia’s  College  at  Wise,  Wise  VA  24293.  This  study  is  part  of  an  ongoing  project 
that  investigates  the  effects  of  mine  reclamation  on  fungal  diversity  at  the  Powell  River  Project  in  the 
Appalachian  region.  Soil  samples  were  collected  fi*om  two  distinct  ponds  to  examine  the  levels  of 
fiingal  diversity.  Serial  dilutions  of  soil  suspensions  plated  onto  water  agar  suggest  that  the  total 
number  of  eulturable  fungi  differed  approximately  ten-fold  between  the  two  ponds,  reflecting  the 
divergent  nature  and  origins  of  the  two  habitats.  Fungal  populations  within  both  ponds  appeared  to  be 
dominated  by  four  morphologically  distinct  species.  When  ten  randomly  selected  isolates  were 
subjected  to  DNA  extraction  and  PCR  of  the  ITS  regions  of  rDNA,  amplification  products  fell  into 
one  of  four  distinct  size  classes.  This  data  suggests  that  ITS  size  variation  may  provide  a  rapid  means 
of  differentiating  cultured  fungi,  without  the  need  for  morphological  discrimination.  The  fimgal 
DNAs  were  subsequently  amplified  successfully  using  an  ascomycete-specific  primer  pair, 
confirming  the  identity  of  the  fungal  species.  Consistent  reports  suggest  that  culturing  does  not  reflect 
true  fungal  diversity,  therefore,  the  extraction  of  DNA  directly  from  the  soil  is  currently  being  studied. 
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MORPHOLOGY  AND  ANATOMY  OF  REPRODUCTIVE  STRUCTURES  OF  TWO  SPECIES 
OF  ACALYPHA  (EUPHORBIACEAE).  Christopher  C.  Rigsbv  &.  W.  John  Hayden,  Dept,  of  Biol., 
Univ.  of  Richmond,  Richmond,  VA  23173.  As  part  of  broad  comparative  studies  in  the  genus, 
morphology  and  anatomy  of  staminate  and  pistillate  flowers  and  fruits  of  Acalypha  gracilens  and  A. 
ostryaefolia  were  studied  via  SEM  and  EM.  The  minute  staminate  flowers  of  both  species  are  borne 
in  spikes.  Each  staminate  flower  has  four  valvate  sepals,  vermiform  anthers,  amoeboid  tapetum  and 
tricolpate  pollen.  Pistillate  flowers  of  both  species  are  enclosed  in  leafy  bracts;  those  of  A.  gracilens 
are  solitary  or  occur  in  small  axillary  clusters  whereas  pistillate  flowers  of  A.  ostryaefolia  are  grouped 
in  prominent  terminal  spikes.  Pistillate  flowers  are  naked,  three-carpellate,  and  bear  bitegmic, 
crassinucellate,  ovules.  Fruits  of  A.  gracilens  are  covered  with  simple  uniseriate  trichomes;  those  of 
A.  ostryaefolia  are  densely  beset  with  robust  multiseriate  processes  forming  a  muricate  surface. 
Internally,  pericarp  of  both  species  features  three  layers  of  sclerified  cells.  Inner  integument  bear§  an 
outer  layer  of  sclereids  and  an  inner  layer  of  tracheids.  Embryos  are  straight,  oriented  radicle 
uppermost,  and  surrounded  by  endosperm.  Overall,  anatomy  of  flowers  and  fruits  of  A.  gracilens  and 
A.  ostryaefolia  is  consistent  with  reproductive  structures  of  other  local  species  in  the  genus. 


CHARACTERIZATION  OF  THE  ACIDOPHILIC  DIATOM  ASTERIONELLA  RALFSII  W. 
SMITH  IN  LAKE  DRUMMOND,  VIRGINIA.  Lubomira  Burchardt,  Dept,  of  Hydrobiology,  Adam 
Mickiewicz  University,  Poznan,  Poland  &  Harold  G.  Marshall.  Dept,  of  Biological  Sciences,  Old 
Dominion  University,  Norfolk,  VA  23529-0266.  The  diatom  Asterionella  ralfsii  W.  Smith  is  a 
dominant  species  in  Lake  Drummond.  It  is  seasonally  associated  with  the  diatoms 
Aulacoseira  granulata  and  A.  herzogii.  This  lake  is  located  in  southeastern  Virginia,  is  shallow,  with 
a  maximum  depth  of  ca.  2m,  and  a  surface  area  of  7,750  ha,  where  the  annual  pH  range  varies  from 
3.2  to  6.8.  The  general  morphology  of  A.  ralfsii  in  Lake  Drummond,  including  its  valve  length  (32-55 
p)  and  width  dimensions,  plus  distinct  capitate  and  attenuated  ends,  correspond  to  descriptions  in  the 
literature.  However,  there  are  morphological  differences  in  the  greater  number  of  fine  striae  present 
on  the  valve  surface  (40-45  striae  per  1  Op)  compared  to  previously  described  cells  of  A.  ralfsii  and  its 
varieties.  The  morphological  differences  for  this  taxon  suggest  this  is  a  new  morphotype,  likely  of  A. 
ralfsii  v.  americana.  Further  genetic  analysis  and  environmental  studies  will  determine  if  this  is  also 
a  new  ecotype. 


AN  EVALUATION  OF  PHYTOPLANKTON  DYNAMICS  WITHIN  TIDAL 
FRESHWATER/OLIGOHALINE  REGIONS  OF  THE  RAPPAHANNOCK  AND  PAMUNKEY 
RIVERS,  VIRGINIA.  Harold  G.  Marshall.  Old  Dominion  University,  Norfolk,  VA  23529-0266  & 
Lubomira  Burchardt,  Dept,  of  Hydrobiology,  Adam  Mickiewicz  University,  Poznan,  Poland. 
Although  subject  to  diurnal  and  often  major  seasonal  changes  in  salinity  and  water  flow,  the  tidal 
freshwater  region  supports  an  abundant  and  diverse  algal  flora  (Marshall  and  Burchardt,  1998).  In 
this  study,  268  species  were  identified  at  stations  in  these  river  sites.  Dominant  freshwater  flora  were 
mainly  diatoms,  chlorophytes,  and  cyanobacteria,  whereas,  flora  entering  these  regions  with  the 
increased  salinity  waters  were  mainly  diatoms  and  dinoflagellates,  with  abundant  cryptomonads 
within  both  the  downstream  and  upstream  flow.  Phytoplankton  abundance  and  composition  were 
influenced  by  the  seasonal  timing,  duration,  and  severity  of  the  spring  rains  and  development  of  the 
spring  diatom  bloom.  The  summer/fall  algal  presence  and  development  was  associated  with  the 
reduced  amount  of  flow  and  longer  residency  time  of  water  within  these  regions.  These  variations 
impacted  the  algal  productivity  rates  and  chlorophyll  levels  during  the  year,  in  addition  to  physical 
and  chemical  properties  of  the  rivers  (e.g.  nutrient  loads,  suspended  solids).  (Supported  by  Virginia 
DEQ  Chesapeake  Bay  Monitoring  Program). 


OBSERVATIONS  AND  HISTORICAL  TRENDS  OF  A  POTENTIALLY  HARMFUL 
DINOFLAGELLATE  BLOOM  IN  THE  LAFAYETTE  RIVER,  NORFOLK,  VIRGINIA.  Todd  A. 
Egertonk  Slawomir  Cerbifr  &  Harold  G.  Marshalf,  'Department  of  Biological  Sciences,  Old 
Dominion  University,  Norfolk  VA  23529  and  ^Department  of  Hydrobiology,  Adam  Mickiewicz 
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University,  ul.  Marcelinska  4,  Poznan,  Poland.  A  largely  monospecific  bloom  of  Cochiodinium 
polykrikoides  occurred  in  the  Lafayette  River  and  surrounding  waters  in  Norfolk,  Virginia  during 
September  2002.  Dinoflagellate  concentrations  of  3-5  xlO^  cells/L  were  observed.  The  bloom 
stained  portions  of  the  river  brownish-red  for  over  2  weeks.  The  late  summer  and  early  fall 
development  of  the  bloom  was  consistent  with  historical  accounts.  Water  quality  analysis  indicates 
that  the  C.  polykrikoides  bloom  may  be  related  to  elevated  phosphoric  concentrations  during  the 
summer  months.  The  repeated  occurrence  of  the  bloom  also  suggests  that  a  local  cyst  bed  has  been 
established  within  the  Lafayette  River. 


AN  ANALYSIS  OF  DIATOMS  IN  THE  GUT  CONTENTS  OF  ZOOPLANKTON  IN  A  SMALL 
EUTROPHIC  LAKE  IN  WIELKOPOLSKI  NATIONAL  PARK,  POLAND.  Todd  W.  Stemb  S. 
Cerbin’,  P.  Owsiann/.  'Department  of  Biological  Sciences,  Old  Dominion  University,  Norfolk  VA, 
23529.  ^  Department  of  Hydrobiology,  Adam  Mickiewicz  University,  Poznan,  Poland.  In  the  summer 
of  2000  an  enclosed  mesocosm  experiment  was  conducted  in  order  to  investigate  the  effect  of  varying 
levels  of  artificial'  plant  {Myriophyllum  sp.)  substrate  on  zooplankton  populations  in  a  eutrophic  lake. 
The  results  demonstrated  that  populations  of  copepods  and  cladocerans  were  more  abundant  and 
produced  more  eggs  within  enclosures  containing  artificial  plants  than  in  controls.  The  cause  of  this 
difference  may  be  that  within  enclosures  containing  artificial  plants,  zooplankton  changed  feeding 
modes,  fi-om  feeding  predominantly  on  planktonic  algae  to  relying  more  heavily  on  epiphytic  algae 
(mainly  diatoms).  To  test  this  hypothesis,  we  examined  the  diatom  flora  within  the  gut  contents  of 
zooplankton  sampled  from  enclosures,  and  from  the  lake.  The  results  of  this  examination  show  that 
the  gut  contents  of  zooplankton  had  a  more  diverse  diatom  flora  than  that  found  in  water  column 
samples  for  all  treatments.  Our  results  also  support  the  conclusion  that  zooplankton  were  feeding 
largely  on  attached  diatoms,  as  epiphytic  species  were  dominant  in  gut  content  samples. 


Chemistry 

DESIGN  OF  ORGANIC  ACTIVATORS  OF  ANTITHROMBIN.  Umesh  K  Desai  and  Gunnar  T. 
Gunnarsson,  Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University,  Richmond, 
VA  23298-0540.  Conformational  activation  of  antithrombin  is  a  critical  mechanism  for  the  inhibition 
of  factor  Xa,  a  key  enzyme  of  the  clotting  cascade.  Heparin,  a  clinically  used  polyanionic 
polysaccharide,  activates  antithrombin  nearly  1,000-fold.  Numerous  activators  have  been  designed  for 
the  past  2  decades,  however  a  fimdamental  tenet  in  these  designs  has  been  the  assumed  requirement 
of  a  saccharide  backbone.  We  have  designed  small,  non-saccharide,  non-polymeric,  organic 
molecules  that  interact  with  and  activate  antithrombin  for  enhanced  inhibition  of  factor  Xa.  The 
rational  design  strategy  was  based  on  a  computerized  study  of  complexes  of  natural  and  mutant 
antithrombins  with  heparin-derived  trisaccharide.  Biochemical  studies  indicated  that  these  bicyclic- 
imicyclic  molecules  bind  antithrombin  with  equilibrium  dissociation  constants  in  the  range  of  1  -  10 
?M  at  pH  6.0,  I  0.025  that  compare  favorably  with  2  ?M  observed  for  the  reference  trisaccharide. 
Antithrombin  activation  studies  suggest  that  these  rational  designs  accelerate  the  inhibition  of  factor 
Xa  nearly  8  -  20-fold,  much  less  than  the  300-fold  activation  observed  with  reference  trisaccharide. 
A  series  of  competitive  binding  and  competitive  inhibition  studies  suggest  our  designed  activators 
prefer  to  bind  antithrombin  in  an  extended  heparin  binding  region  rather  than  in  the  pentasaccharide 
binding  site,  resulting  in  weaker-than-expected  activation.  This  advanced  understanding  will  be 
utilized  in  the  design  of  better  second-generation  antithrombin  activators. 


BACTERIAL  DEGRADATION  OF  HALOACETIC  ACID  DISINFECTION  BY-PRODUCTS. 
Laura  Fauntlerov  and  R.L.  Williams.  Dept.  Of  Chemistry/Biochemistiy,  Old  Dominion  University, 
Norfolk,  Virginia  23529.  Water  chlorination  yields  halogenated  by-producte  due  to  the  reaction  of 
halogens  with  naturally  occurring  organics.  Various  water  utilities  have  observed  decreased 
haloacetic  acids,  (HAAs),  in  places  where  it  was  expected  to  be  high.  These  places  have  low  free 
chlorine  and  high  heterotrophic  plate  counts.  GJ-10  is  a  bacterium  that  has  been  shown  to  have 
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dehalogenase  enzymes  and,  therefore,  can  degrade  HAAs.  The  water  system  bacteria  are  being 
studied  for  their  involvement  in  enzymatic  degradation  of  DBFs.  Recently,  two  bacteria  have  been 
isolated  from  a  maximum  residence  time  location,  MRTL  which  have  been  shown  to  degrade  HAAs. 
These  two  bacteria  have  been  tentatively  identified  as  a  Flavobacterium  johnsoniae  and  Neisseria 
flavescens.  A  colorimetric  assay  is  being  implemented  to  screen  the  bacteria  for  halogenase  activity. 
Dichloroacetic  acid  and  bromocresol  purple  are  integrated  into  the  medium,  if  the  bacteria  has  the 
dehalogenase  enzyme  it  will  initiate  degradation  of  the  dichloroacetic  acid  causing  an  increase  in 
chloride  ion  present.  The  pH  will  decrease  due  to  HCl  formation,  causing  the  purple  color  to  become 
yellow. 


SYNTHESIS  AND  EVALUATION  OF  NOVEL  CACIUM  CHANNEL  BLOCKERS  IN  HUMAN 
PLATELETS.  Celina  Thadigiri  &  R.L.  Williams,  Department  of  Chemistry/Biochemistry,  Old 
Dominion  University,  Norfolk,  VA  23529-0126  and  Yulia  Dobrydneva  &  P.  Blackmore,  Department 
of  Physiology,  Eastern  Virginia  Medical  School,  Norfolk,  VA  23508.  It  has  been  reported  that  2- 
aminoethoxydiphenyl  borate  (2- APB)  was  found  to  inhibit  thrombin-mediated  influx  of  Ca+2  through 
calcium  channels  in  human  platelets.  Based  on  this  molecule,  two  sets  of  analogues  were  synthesized, 
characterized  by  IR,  NMR  and  CHN  analysis  and  evaluated  using  the  Fura-2  method.  One  set  of 
compounds  were  boron  analogues  of  2- APB  and  the  second  was  a  non-boron  containing  set  of  2-APB 
analogues.  These  analogues  were  tested  for  biological  activity  and  the  results  showed  that  they  were 
not  as  effective  calcium  channel  blockers  as  2-APB.  Two  stereogenic  boron  analogues  of  2-APB  were 
synthesized  in  an  effort  to  detect  any  stereo-specificity  associated  with  the  calcium  channel  and  the 
activity  of  2-APB.  Neither  compound  exhibited  a  high  degree  of  activity  compared  to  2-APB  and 
there  was  no  major  difference  in  activity  between  the  two  stereoisomers  suggesting  that  the  calcium 
channel  is  not  stereo-specific. 


A  STUDY  OF  THE  APOPTOTIC  EFFECT  OF  PHYTOESTROGEN-RELATED  COMPOUNDS 
USING  HUMAN  BREAST  CANCER  CELL  LINES.  Randolph  E.  Birsch,  Roy  U  Williams  &  Mark 
S.  Elliott,  Dept,  of  Chemistry  and  Biochemistry,  Old  Dominion  Univ.,  Norfolk  VA  23529-0126.  The 
research  focused  on  measurements  of  apoptosis  induced  in  two  lines  of  human  breast  cancer  cells 
(HBCC)  as  a  means  for  evaluation  of  the  toxicological  properties  of  two  possible  endocrine  disruptive 
chemicals:  trans-resveratrol  (TR)  and  the  black  goo  complex  (BG).  Altered  rates  of  proliferation 
were  found  in  both  TR  treated  and  BG  treated  MCF-7/MDA-23 1  HBCC.  Response  to  the 
phytoestrogen,  TR,  was  evaluated  via  growth  curves  generated  using  varying  quantities  of  that 
compound.  Both  the  MCF-7  and  MDA-23 1  HBCC  were  found  to  respond  to  TR  with  a  significant 
change  of  proliferation  rate  both  in  phytoestrogen  deprived  medium  and  in  TR-treated  medium. 
Similarly,  the  two  cell  lines  were  treated  with  BG  dissolved  in  acetone.  This  addition  did  not  enhance 
cellular  proliferation,  but  elicited  decreased  cell  growth  and  produced  an  effect  that  was  more 
pronounced  with  increased  dosage  of  BG.  Annexin  V  binding  assays,  Propidium  Iodide  tests,  and 
Caspase  3  assays  were  employed  as  the  means  for  evaluation  of  cause  of  cell  death.  (Supported  by: 
Old  Dominion  Univ.  Honors  College 


THEORETICAL  STUDIES  (AB  INITIO  AND  SEMI-EMPIRICAL)  OF  A  CLASS  OF  ANTI-HIV 
COMPOUNDS  -  HEPT-DERIVATIVES,  Ji  Lim  and  Edmund  Moses  N.  Ndin.  Dept,  of  Chemistry, 
Hampton  University,  Hampton,  VA  23668.  Results  of  ab  initio  and  semi  empirical  calculations  of 
more  than  28  l-[(2-hydroxyethoxy)-methyl]-6-(phenylthio)thymine  (HEPT)  analogues,  non¬ 
nucleoside  reverse  transcriptase  inhibitors  specific  against  HIV-l  have  been  carried  out.  The  starting 
geometry  of  each  HEPT  derivative  was  based  on  atom-atom  connections.  All  structures  were 
constructed  and  modified  by  either  CS  Chem  Draw  Ultra  or  Molecular  Modeling  Pro.  Full  geometry 
optimization  based  on  either  ab  initio  (HF/3-21G)  or  semi  empirical  (AMI  or  PM3)  of  all  structures 
was  carried  out  by  automated  geometry  optimization  to  minima.  The  CS  ChemOffice  6.0  Ultra 
software  on  a  Pentium  III  PC  performed  the  calculations.  In  addition  a  number  of  other  molecular 


80 


VIRGINIA  JOURNAL  OF  SCIENCE 


descriptors  were  calculated.  Calculated  ClogP’s  determined  from  this  study  correlate  very  well  with 
experimental  values  from  the  literature.  Additionally,  conformational  analysis  was  performed  for 
each  derivative  based  on  automated  routines  in  MMP  and  CONFORMER  in  preparation  for  docking 
studies  necessary  for  understanding  the  mechanisms  of  inhibition. 


PCLOBE:  A  COMPUTER  PROGRAM  TO  TEACH  QUANTUM  CHEMISTRY.  D,  Shilladv.  E. 
Bezemer,  J.  Kroll,  and  C.  Castevens,  Dept,  of  Chemistry,  Virginia  Commonwealth  University, 
Richmond,  VA.  PCLOBE  has  been  developed  for  use  in  undergraduate  education  on  PC- Windows 
platforms.  PCLOBR  is  an  ab  initio  quantum  chemistry  program  designed  to  study  organic  molecules 
up  to  the  size  of  steroids.  An  interface  program  (ROSETTA)  allows  PCLOBE  to  be  run  on  two 
modeling  programs,  MOLUCAD  ($20)  and  CHEMSITE  ($97).  PCLOBE  offers  many  standard 
features  such  as  Schlegel  energy  gradient  geometry  optimization,  second  order  Moller-Plesset 
perturbation  treatment  (MP2),  boys-Reeves  configuration  interaction  with  spin-projection  up  to 
hextets,  and  several  basis  sets.  PCLOBE  also  offers  single-excitation  configuration  interaction 
treatment  of  excited  ststes  to  treat  UV-VIS  spectra  and  CD/MCD  spectra.  PCLOBE  offers  a 
Coulomb-Hole-correlation  method  for  calculating  energies  within  0.02  Hartrees  of  Quantum  Monte 
Carlo  energies,  exceeding  the  accuracy  of  B3LYP-Local  Density  methods  in  a  6-31 G**  gaussian-lobe 
basis  set. 


NATURAL  ENDOCRINE  DISRUPTORS  IN  LAKE  DRUMMOND.  RT^  Williams.  Beth  Dovel  & 
Joshua  Ritchey,  Department  of  Chemistry/Biochemistry,  Old  Dominion  University,  Norfolk,  VA 
23529-0126.  Endocrine  disrupter  compounds  (EDCs)  are  synthetic  or  natural  organic  agents  that  can 
interact  with  the  estrogen  receptor  in  various  animals  and  modulate  activity  at  the  estrogen  receptor. 
One  class  of  natural  EDCs  are  the  isoflavonoids  such  as  genistein,  daidzein,  formononetin  and 
biochanin  A.  This  class  of  compounds  is  known  to  be  present  in  woody  plant  materials  and  may  enter 
the  environment  through  natural  water  sources.  The  isoflavanoids  are  also  very  potent  antioxidants 
and  have  some  interesting  positive  health  effects.  The  water  frorn  Lake  Drummond  in  Virginia  has 
been  reported  to  have  an  exceptional  long  half-life  and  historically  has  been  reported  to  have  some 
positive  health  effects.  We  have  examined  samples  of  this  water  and  have  found  detectable  levels  of 
several  of  these  isoflavanoid  compounds.  The  presence  of  these  compounds  in  the  water  may  explain 
some  of  the  reported  health  effects  and  their  antioxidant  activity  may  account  for  the  longevity  of 
these  waters  for  drinking.  The  analysis  of  this  water  was  done  using  high  pressure  liquid 
chromatography  (HPLC).  The  conditions  and  results  of  these  analyses  will  be  reported  in  this  paper. 
These  isoflavanoid  compounds  might  well  be  described  as  "good"  EDCs  in  view  of  their  positive 
health  effects. 


COMPARATIVE  ANALYSIS  OF  MRNA  GUANINE-N7-METHYLTRANSFERASE(GMT)  IN 
EUCARYOTIC  ORGANISMS  USING  INFORMATICS  TOOLS.  B.  Kilel*  &  T.  O.  Sitz^^  'School  of 
Computational  Sciences,  George  Mason  University,  Manassas,  VA.  201 10  &  ^Dept.  of  Biochemistry, 
Virginia  Tech,  Blacksburg,  VA.  24061.  Using  informatics  tools  to  compare  important  sequences  is 
now  feasible  as  structural  genomics  continues  in  importance  and  establishment  of  structure-function 
relationships  becomes  a  common  way  of  comparative  analysis.  The  guanine-7-methyltransferase  (cap- 
methyltransferase)  was  used  for  comparative  analysis  due  to  its  importance  in  gene  expression.  The 
methylated  cap  structure  is  added  to  the  nascent  pre-mRNAs,  which  enhances  several  other 
downstream  processes  in  gene  expression  including  splicing  of  pre-mRNAs  in  the  nucleus,  initiation 
of  protein  synthesis  and  mRNA  stability.  A  conversion  script  was  written  in  Splus  to  transform 
mRNA  GMT  nucleotide  and  protein  sequence  data  from  the  GenBank  into  strings  and  further 
analyzed  using  four  informatics  tools:  Vista,  Combinatorial  Extension  (CE),  Crystal  Vision, 
BlastP/BlastN.  Results  obtained  from  the  different  tools  were  easily  portrayed  with  different  color 
matches  or  mismatches  which  indicated  dimension  reduction  in  data.  Most  benefit  is  obtained  from 
using  all  methods  developed  from  different  algorithms  in  order  to  infer  function  or  structure 
similarities  in  the  conserved  regions  where  sequence  comparison  alone  is  not  conclusive. 


PROCEEDINGS 


81 


HYPOMETHYLATION  OF  MRNA  IN  NRK  CELLS  TREATED  WITH  CYCLOLEUCINE.  T.  A. 
Linkous  and  T.  O.  Sitz,  Dept,  of  Biochem.,  Virginia  Tech,  Blacksburg,  VA  24061.  Eucaryotic 
mRNAs  contain  a  5 ’-cap  structure,  which  is  highly  modified  by  methylation  of  both  base  and  ribose 
components  of  its  nucleotides.  The  most  important  of  these  methylations  is  that  of  the  N-7-position 
of  the  guanine  base.  Without  this  guanine  methylation  the  mRNA  is  not  translated  into  protein,  i.e. 
ribosomes  don’t  bind  to  the  message.  Messenger  RNA  isolated  from  tumor  cells  is  undermethylated 
at  the  N-7-guanine  position.  When  Normal  Rat  Kidney  (NRK)  cells  in  culture  were  grown  in  low 
levels  of  methionine  with  the  amino  acid  analog  cycloleucine,  the  mRNA  was  hypomethylated  in  the 
cap  structure.  The  cap  methyltransferase,  guanine-7-methyltransferase  (GMT),  can  be  used  to 
determine  the  levels  of  non-methylated  cap  structure.  When  the  mouse  GMT  was  partially  purified 
from  mouse  tumor  cells  it  was  found  to  contain  at  least  four  different  methyltransferases  at  significant 
levels.  Human  GMT  was  expressed  in  E.  coli  on  a  pGEX  plasmid  as  a  fusion  protein  with 
glutathione  transferase  (-GT-GMT-).  After  a  glutathione  column  purification  the  only 
methyltransferase  present  was  the  cap  methyltransferase.  This  cloned  enzyme  proved  to  be  a  good 
reagent  for  analysis  of  hypomethylated  cap  structure  and  should  allow  the  development  of  a  rapid 
filter-binding  assay. 


THE  SUBUNIT  STRUCTURE  OF  THE  CLONED  HUMAN  GUANINE-7- 
METHYLTRANSFERASE.  C.  M.  MacCarthv  and  T.  O.  Sitz,  Dept,  of  Biochem.  Virginia  Tech, 
Blacksburg  VA  24061.  The  nuclear  enzyme  guanine-7-methyltransferase  (GMT)  methylates  the 
guanine  base  in  the  5 ’-cap  structure  found  in  eucaryotic  mRNA.  If  this  methylation  does  not  occur 
the  mRNA  is  not  functional,  i.e.  is  not  translated  into  protein.  Previous  work  from  this  laboratory 
demonstrated  that  the  mouse  GMT  exist  as  a  homodimer  with  a  native  molecular  weight  of  about 
100,000  daltons.  A  model  of  dimer  formation  was  proposed  involving  120  amino  acids  at  the  N- 
terminal  region  of  the  protein  binding  to  the  globular  domain  (356  amino  acids).  While  the  mouse 
enzyme  (in  its  active  form)  was  always  found  as  a  dimer  the  human  GMT  was  found  to  be  active  as 
either  a  monomer  or  a  dimer.  When  human  GMT  was  fused  with  glutathione  transferase  and 
expressed  in  E.  coli,  the  molecular  weight  was  found  to  be  180,000,  a  dimer  consisting  of  two 
subunits.  Because  glutathione  transferase  may  exist  as  a  dimer,  we  wanted  to  express  the  human 
protein  as  a  His-Tag  protein  with  10  histidine  amino  acids  at  the  N-terminal  end  (this  allows  the 
protein  to  be  purified  on  a  Ni-column).  The  His-Tag  GMT  had  a  molecular  weight  as  determined  on 
a  gel-exclusion  column  of  104,000  daltons,  a  dimer.  Recently  we  have  expressed  the  cloned  His-Tag 
GMT  with  120  amino  acids  deleted  from  the  N-terminus  (it  was  found  to  be  active)  and  will 
determine  if  it  can  form  a  dimer. 


FABRICATION  AND  LASER  IRRADIATION  EFFECTS  OF  COMPOSITE  MATERIALS, 
Christopher  T.  Lloyd'.  Samuel  D.  Jensen'’^,  Robert  F.  Cozzens'’^,  'Naval  Research  Laboratory,  4555 
Overlook  Avenue,  SW,  Washington,  DC  20375,  '^George  Mason  University,  Department  of 
Chemistry,  4400  University  Drive,  Fairfax,  VA  22030  The  laser  irradiation  effects  of  several  radome 
composite  materials  are  being  studied  in  efforts  to  integrate  defensive  high-energy  laser  (HEL) 
weapon  systems  onboard  ships  of  the  U.S.  Naval  fleet.  Char  characteristics  and  compositional 
changes,  which  lead  to  an  increase  in  attenuation  of  radar  signal  through  the  radome,  are  investigated. 
Various  composites  have  been  fabricated  in  order  to  better  understand  the  effects  of  laser  irradiation 
with  common  radome  materials  used  on  subsonic  and  supersonic  antiship  missiles.  It  was  found  that 
the  degree  of  char  not  only  depends  upon  the  type  of  organic  resin/epoxy  used,  but  the  reinforcing 
fabric  type  as  well.  For  testing,  different  wavelength  lasers  at  various  power  levels  were  utilized  for 
comparison  studies. 
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ENVIRONMENTALLY  FRIENDLY  PRODUCTION  OF  S-ALKYL  THIOCARBAMATES,  L  R 
Wvnne*’^*.  A.  W.  Snow*,  and  W.  M.  Stalick^,  'Chemistry  Division,  Naval  Research  Laboratory,  and 
^Dept.  of  Chemistry,  GMU.  ^-Alkyl  thiocarbamates  have  received  considerable  attention  in  recent 
years  due  to  their  use  as  herbicides.  There  are  a  variety  of  reported  synthetic  approaches  to  these 
compounds;  however,  most  are  either  low  yielding,  require  complex  starting  material  preparation, 
involve  the  use  of  toxic  reagents,  are  multi-step,  or  are  limited  in  scope  to  the  degree  of  substitution. 
This  intum  limits  the  number  of  compounds  that  can  be  prepared.  Other  limitations  of  existing 
synthetic  methods  are  the  necessity  of  using  elevated  temperatures  and  pressures.  We  report  a  simple 
one-pot,  two-step  approach  to  these  compounds.  Condensation  of  thiols  with  trichloroacetyl  chloride 
affording  the  corresponding  thioester.  Subsequent  treatment  with  the  desired  amine  results  in  the 
formation  of  the  corresponding  product  in  nearly  quantative  yields.  Purification  of  the  products  is 
easily  accomplished  by  removal  of  excess  reagent  and  solvent  under  reduced  pressure 


THE  SEARCH  FOR  HIGH  YIELDING  SYNTHESES  OF  PSEUDANS.  Ramesh  R.  Pant.  Sean  R. 
Donohue,  Robert  V.  Honeychuck  &  Wayne  M.  Stalick,  Department  of  Chemistry,  George  Mason 
University,  Fairfax  VA  22030.  The  need  for  significant  quantities  of  pseudans  with  straight  alkyl 
chains  of  two  desired  lengths  in  the  number  2  position  gave  rise  to  an  effort  to  investigate  the 
laboratory  synthesis  of  these  quinoline  compounds  by  various  methods.  Such  compounds  are  of 
interest  because  of  their  known  existence  and  incompletely  understood  function  in  Pseudomonas 
aeruginosa.  This  in  fact  is  the  source  of  the  designation  pseudan.  A  number  of  different  methods  are 
available  and  the  effort  included  variations  on  these  literature  methods.  For  example,  there  are  a 
number  of  methods  which  start  with  the  quinoline  ring  system  intact,  typically  with  a  methyl  group  at 
position  2,  ?  to  the  nitrogen,  and  with  a  hydroxyl  at  the  number  4  position  on  the  same  ring.  After  an 
initial  examination  of  these  methods,  we  settled  upon  a  different  method  in  which  the  heterocyclic 
ring  is  formed  from  a  primary  amine.  We  are  currently  examining  the  use  of  this  method  with  the 
straight  chain  heptyl  and  nonyl  groups,  available  in  microscopic  quantities  from  the  bacterium,  and 
also  with  the  sterically  hindered  isopropyl  group. 


ADSORPTION  AND  THERMAL  DECOMPOSITION  OF  BENZOTRIAZOLE  ON  NI(1 1 1).  Jason 
Vincent  V.  de  la  Pena  &  John  A.  Schreifels,  Department  of  Chemistry,  George  Mason  University, 
Fairfax,  Virginia  22030-4444.  The  adsorption  and  thermal  decomposition  of  benzotriazole,  a 
commonly  used  corrosion  inhibitor,  on  Ni(lll)  surface  was  investigated  using  the  technique  of 
Temperature  Programmed  Desorption.  From  the  TPD  data,  two  desorption  states  for  molecular 
benzotriazole  were  identified,  one  at  -240  K  and  another  at  -275  K.  From  up-take  curve  plots,  it  was 
found  that  the  first  desorption  state  does  not  reach  saturation,  while  the  second  desorption  state 
reaches  saturation  at  -2  Langmuirs  of  exposure.  Two  decomposition  products  from  the  adsorbed 
benzotriazole  were  also  detected  at  76  and  27  amu.  The  76  amu  product  had  one  desorption  state  at 
-240  K,  while  the  28  amu  product  had  two  desorption  states,  one  at  -240  K  and  another  at  -580  K. 


MODIFIED  ADSORBENTS  FOR  2,4-DICHLOROPHENOL  REMOVAL  FROM  AQUEOUS 
SOLUTIONS.  Emily  Faulkenberrv  &  Tarek  Abdel-Fattah,  Department  of  Biology,  Chemistry  and 
Environmental  Science,  Christopher  Newport  University,  Newport  News,  VA  23606.  The  purpose  of 
this  study  was  to  study  the  removal  of  2,4  dichlorophenol  (DCP)  from  aqueous  solutions  by  using 
several  modified  low-cost  adsorbents.  The  adsorbents  were  modified  with  dodecylamine  (DDA) 
surfactant  to  improve  their  ability  to  remove  this  organic  pollutant.  Batch  equilibrium  studies  were 
conducted  at  room  temperature,  35  and  45  degrees  Celsius.  Chronic  exposure  to  DCP  results  in 
kidney  and  liver  damage.  Naturally  occurring  zeolite  adsorbents  (clinoptilolite  and  chabazite)  in 
addition  to  Silica  gel,  were  compared  to  more  conventional  materials  such  as  molecular  sieves  (13X 
and  5A),  aluminum  oxide,  and  activated  carbon  (Calgon  Filtrabsorb  400).  As  temperature  increased, 
an  increased  amount  of  DCP  was  adsorbed  when  using  clinoptilolite,  chabazite,  silica  gel,  5A,  and 
activated  carbon.  However,  the  absorption  observed  with  the  molecular  sieve  13X  was  basically 
independent  from  the  temperature,  and  aluminum  oxide  absorbed  less  DCP  as  temperature  increased. 
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At  45°C,  activated  carbon  absorbed  almost  100  percent  of  the  DCP.  Other  absorbents  also 
successfully  removed  DCP.  For  example,  aluminum  oxide  removes  more  than  50  percent  of  DCP  at 
24°C  and  the  chabazite  removes  more  than  50  percent  at  45°C.  In  the  presence  of  KCl  solutions,  as 
the  concentration  of  KCl  increased,  the  amount  of  DPC  adsorbed  decreased  except  activated  carbon. 


ADSORPTION  OF  LEAD  IONS  BY  ORGANO-SILICATE  NANOCOMPOSITES.  Tarek  AbdeL 
Fattah  &  Larry  Isaacs,  Department  of  Biology,  Chemistry  and  Environmental  Science,  Christopher 
Newport  University,  Newport  News,  VA  23606.  The  state  of  Virginia  has  at  least  35  outdoor 
shooting  ranges  not  counting  the  military.  Alternatives  to  effectively  immobilize  lead  contaminates  in 
soil  and  stormwater  are  needed  by  small  arms  range  (SAR)  managers  to  comply  with  environmental 
regulations  and  protect  the  environment.  The  equilibrium  adsorption  of  aqueous  Pb^^  by  molecular 
sieves  HMS,  MCM-41,  and  MCM-48  were  measured  by  graphite  furnace  atomic  adsorption. 
Kinetics  and  isotherm  models  were  prepared,  and  the  effects  of  pH  2  to  pH  12,  competing  ions,  and 
25  °C  to  45  ®C  temperature,  on  performance  were  investigated.  HMS,  MCM-41  and  MCM-48 
reactions  with  Pb^”"  were  first  order,  with  half-life  reaction  times  of  65,  19  and  107  minutes, 
respectively.  The  batch  equilibrium  study  Pb^^  data  fit  the  Langmuir  and  the  Freundlich  isotherm 
models.  Average  percent  Pb^"  removal  at  23°C  for  HMS,  MCM-41,  and  MCM-48  were  93%,  96%, 
and  93%,  respectively.  Ionic  competition  reduced  Pb^""  removal  by  HMS,  but  enhanced  MCM-41  and 
MCM-48  performance.  HMS  began  to  release  Pb^^  ions  below  pH  =  6  and  MCM-41  and  48  began  to 
release  Pb^^  below  pH  =  4. 


ADSORPTION  OF  DIVALENT  LEAD  IONS  BY  ZEOLITES  AND  ACTIVATED  CARBON. 
Tarek  Abdel-Fattah  &  Kelly  B.  Payne,  Department  of  Biology,  Chemistry  and  Environmental 
Science,  Christopher  Newport  University,  Newport  News,  VA  23606.  Batch  adsorption  kinetic  and 
isotherm  studies  were  conducted  to  compare  and  evaluate  different  types  of  adsorbents  for  lead 
removal  from  aqueous  media.  The  effects  on  lead  absorption  from  competing  ions  and  temperature 
increases  were  also  investigated.  Adsorbent  materials  such  as  activated  carbon  and  naturally 
occurring  zeolites  (clinoptilolite  and  chabazite)  were  selected  because  of  their  relative  low  cost  and 
because  the  zeolites  are  potential  point-of-use  materials  for  mitigating  waste  water  runoff  Molecular 
sieves  (13X  and  5 A)  were  selected  because  they  provide  a  basis  for  comparison  with  previous  studies 
and  represent  well-characterized  materials.  The  relative  rate  for  lead  adsorption  was:  13X  >  chabazite 
>  clinoptilolite  >  5A  >  activated  carbon.  Modeling  lead  adsorption  by  different  adsorbents  using  the 
Langmuir  and  Freundlich  isotherm  expressions  were  used  to  determine  the  adsorbents'  capacity  for 
lead  removal  from  aqueous  media.  13X,  5 A,  and  activated  carbon  best  fit  the  Langmuir  isotherm 
expression.  The  zeolites  best  fit  the  Freundlich  isotherm.  Increasing  temperature  improved  adsorption 
performance  for  the  zeolites.  Ionic  effects  could  potentially  improve  performance  of  activated  carbon 
but  not  the  zeolites.  Activated  carbon  initially  showed  improved  adsorption  with  increased 
temperature,  but  further  temperature  increases  caused  a  decline  in  lead  absorption. 


NANOCOMPOSITE  MATERIAL  FOR  ARSENIC  REMOVAL  FROM  AQUEOUS  MEDIA. 
Stephanie  D.  Harris  &  Tarek  Abdel-Fattah,  Department  of  Biology,  Chemistry,  and  Environmental 
Science,  Christopher  Newport  University,  Newport  News,  VA  23606.  The  impact  of  natural  and 
anthropogenic  inputs  of  arsenic  (As)  into  the  environment,  mainly  in  soils  and  waters,  is  considered 
one  of  the  major  health  problems  in  many  parts  of  the  world.  The  World  Health  Organization  set  the 
maximum  allowable  limit  of  As  in  drinking  water  at  10  parts  per  billion  (ppb)  stating  that  drinking 
water  poses  the  greatest  threat  to  public  health  from  elevated  arsenic.  Recently  the  U.S. 
Environmental  Protection  Agency  proposed  lowering  the  acceptable  limit  of  As  in  drinking  water 
from  50  ppb  to  10  ppb  recommending  that  systems  be  in  place  by  2006  to  reduce  levels  to  less  than 
10  ppb.  In  this  study  mesoporous  organo-silicate  nanocomposite  materials  (MCM-41,  MCM-48, 
MCM-50,  HMS,  and  Fe-treated-HMS)  were  synthesized  and  evaluated  to  determine  their  usefulness 
in  water  filtration,  particularly  for  removing  As  from  drinking  water.  Batch  adsorption  studies  were 
conducted  using  0.05  g  of  each  material.  All  adsorbents  removed  between  15%  and  35%  As  when 
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used  as  synthesized.  However,  there  is  a  clear  association  between  increased  iron  content  in  the 
adsorbent  material  and  the  amount  of  As  removed.  HMS  treated  with  1%,  2%,  and  5%  iron  removed 
an  average  of  33%,  40%,  and  65%  As,  respectively. 


SURFACTANT  MODIFIED  ZEOLITES  FOR  REMOVAL  OF  2,4-DICHLOROPHENOL.  Tarek 
Abdel-Fattah  &  Brian  Bishop,  Department  of  Biology,  Chemistry,  and  Environmental  Science, 
Christopher  Newport  University  Newport  News,  VA.  Dichlorophenols  (DCP)  are  used  as  starting 
material  for  herbicides,  antiseptics,  seed  disinfectants  and  wood  preservatives,  as  well  as  being  used 
for  water  treatment  chlorination  and  wood  pulp  bleaching  in  the  paper  industry.  The  EPA  has  placed 

2.4- dicholorphenol  on  the  Drinking  Water  Contaminant  Candidate  List  and  has  set  a  safe 
concentration  of  3  mg  L''  .  The  purpose  for  this  study  is  to  study  the  affinity  of  various  low-cost 
native  and  HDTMA-modified  adsorbents  to  remove  2,4-dichlorophenol  from  water  and  to  determine 
which  may  have  application  in  contaminated  water  remediation.  The  synthetic  molecular  sieves 
examined  were  5 A  and  13X.  The  naturally  occurring  zeolites  used  were  chabazite  and  clinoptilolite. 
These  zeolites  are  composed  of  tetrahedral  aluminum  and  silicate  atoms  connected  by  oxygen 
forming  crystalline  lattice  structures.  Surface  modification  of  adsorbents  was  performed  by 
equilibrating  the  material  with  an  8  mmol  L’'  solution  of  aqueous  hexadecyltrimethylammonium 
(HDTMA)  bromide.  Batch  adsorption  equilibrium  studies  were  accomplished  on  50  mL  of  aqueous 

2.4- DCP  (50  mg  L’’)  with  0.1  grams  of  the  adsorbent  material.  All  adsorbent  materials  reflected 
affinity  for  2,4-DCP.  Both  forms  of  activated  carbon  showed  the  greatest  affinity,  between  98  and 
100%  removed.  The  HDTMA-modified  chabazite  had  the  next  greatest  sorption,  between  34  and 
38%,  depending  on  exposure  time. 


ACYL  INDOLES  AS  PRECURSORS  TO  y-CARBOLINES,  ^  Jensen.'*  W.M.  Stalick,-  Sean 
Bosofr  and  J.  H.  Wynne,  'Chemistry  Division,  Naval  Research  Laboratory,  and  “Dept,  of  Chemistry, 
GMU.  Despite  the  increasing  interests  in  tryptamines  and  their  subsequent  carbazole  derivatives, 
pyrido[3,4-^]indoles,  very  little  is  known  about  their  counterparts,  the  corresponding  [4,3-6]  analogs. 
This  is  primarily  due  to  the  lack  of  availability  of  such  compounds  as  well  as  the  inability  to 
selectively  introduce  functionalities  into  these  derivatives.  Our  previous  reported  method,  despite 
affording  the  desired  product,  proceeded  in  lower  than  expected  yields,  thus  an  alternative  synthetic 
route  was  examined  which  would  proceed  in  fewer  steps.  The  improved  synthesis  involves  the 
acylation  of  indole  followed  by  reductive  amination  to  afford  a  variety  of  3-aminomethyl  derivatives. 
Subsequent  intramolecular  cyclization,  followed  by  aromatization,  in  a  one-pot  process  should  afford 
the  desired  fully  aromatic  carbolines.  This  new  approach  also  allows  for  the  introduction  of  a  larger 
variety  of  alkyl  and  aryl  substituents  into  the  1 -position  of  the  y  -carboline. 


GAS  PHASE  'H  NMR.  Carly  Drahus,  T.N.  Gallaher,  and  T.C.  DeVore.  Department  of  Chemistry 
MSC  7701,  James  Madison  University,  Harrisonburg,  VA  22807.  A  Bruker  Spectrospin  400  FT- 
NMR  (400Mhz)  equipped  with  a  variable  temperature  probe  was  used  to  measure  the  gas  phase  'H 
NMR  spectra  of  heptane,  water,  methanol,  ethanol,  acetone,  acetic  acid,  and  2,4-pentanedione.  Three 
laboratory  exercises  using  this  technique  have  been  developed.  In  one  the  difference  in  the  chemical 
shifts  for  the  gas  phase  molecules  compared  to  the  chemical  shifts  in  the  neat  liquid  is  used  to 
estimate  the  shielding  produced  by  solvation  of  the  molecule  in  the  neat  liquid.  The  values  observed 
for  the  shifts  for  CH3  and  CH2  protons  were  fairly  constant,  but  the  shifts  for  the  OH  protons  showed 
more  variation.  The  relative  intensities  of  the  neat  liquid  and  vapor  peaks  (when  both  were  present) 
can  also  be  used  to  determine  the  enthalpy  of  vaporization  for  each  compound.  The  value  obtained 
generally  agreed  to  within  +.5  kJ/  mol  of  the  literature  value.  Finally,  the  relative  intensities  of  the 
keto  and  enol  forms  of  2,4-pentanedione  can  be  used  to  determine  the  enthalpy  change  for  this 
reaction  under  solvent  free  conditions. 
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THE  SYNTHESIS  AND  KINETIC  STUDY  OF  A  MOLYBDENUM  COMPLEX  Brvcelvn 
Boardman.  Donna  S.  Amenta,  and  John  W.  Gilje,  Department  of  Chemistry,  James  Madison 
University,  Harrisonburg,  VA  22807.  As  a  part  of  a  continuing  study,  this  research  involves  the 
synthesis  and  kinetic  study  of  a  molybdenum  complex  that  models  [h^  -C5H5)(CO)3  Mo(CH2)3 
C6H5“15-crown-5].  The  synthesis  of  the  model  molybdenum  complex  8,  is  a  two-step  sequence.  The 
preparation  of  a  mesyl  derivative  3  of  3,4-(dimethoxyphenyl)-l -propanol  (1)  is  accomplished  by  the 
reaction  of  1  with  methanesulfonic  anhydride  (2).  This  was  successfully  carried  out  in  a  49%  yield 
and  the  product  purified  by  column  chromatography.  The  reaction  was  monitored  by  GC-MS,  and 
characterized  by  ^H  NMR  and  l^C  NMR  spectroscopy.  The  molybdenum  anion  6,  was  then 
synthesized  and  combined  with  3.  This  reaction  yielded  a  deep  red  flaky  solid,  which  was 
characterized  by  ^H  NMR  and  NMR  spectroscopy.  The  resulting  product  was  then  used  to  study 
the  migratory  insertion  reaction,  accelerated  by  a  10  fold  molar  excess  of  triphenylphosphine  (9).  The 
reaction  was  run  with  and  without  the  presence  of  added  sodium  cation  and  was  monitored  by  ^Ip 
NMR  spectroscopy.  Kinetic  data  revealed  little  difference  between  the  rate  of  the  two  migratory 
insertion  reactions. 


Computer  Science 

USING  UNIFIED  MODELING  LANGUAGE  (UML)  APPROACH  TO  MODEL  DATA 
INTEROPERABILITY  IN  FEDERATED  DATABASE  SYSTEMS.  D.  N.  Owunwanne.  School  of 
Computational  Sciences,  George  Mason  University,  Fairfax,  VA  22030.  Federated  database  is  a 
collection  of  interconnected  databases.  Different  kinds  of  data  models  exist  from  diverse  databases  in 
the  federation  which  makes  it  difficult  to  interoperate  with  each  other.  This  paper  discusses  the  use  of 
UML  approach  to  model  a  prototype  of  data  interoperability  among  many  heterogeneous  local 
database  sites  that  are  participating  in  a  Federation  of  databases.  This  prototype  will  model  a  system 
that  allows  client/server  relationships  between  distributed  objects.  In  this  system,  server  objects 
provide  services  that  can  be  invoked.  To  obtain  interoperability,  there  is  a  format  or  a  rule  to  be 
followed  to  model  the  system  being  described.  This  rule  is  termed  General  Metadata  Bridge  (GMB). 
The  GMB  representation  separates  the  heterogeneous  aspects  of  an  existing  representation  into  a 
summary  form  so  that  the  main  portion  of  the  GMB  can  be  expressed  in  a  uniform  representation 
regardless  of  the  data  model.  The  summary  logically  determines  the  interpretations  which  are  to  be 
applied  to  the  GMB  metadata  expressions.  As  such,  the  system  creates  an  environment  that  enables 
the  participants  in  the  Federation  to  interoperate  with  each  other  without  having  to  know  what 
hardware,  software,  operating  system  platform,  or  what  communications  protocol  that  are  required. 


WIRELESS  INSECURITY  FOR  MOBILE  DEVICES.  J.  Florendo.  M.  Painter,  &  S.  Sadler, 
Department  of  Computer  Science,  Norfolk  State  University,  Norfolk  VA  23502.  The  focus  of  our 
research  was  to  examine  the  three  types  of  wireless  communications,  WAP,  Bluetooth,  and  IEEE 
802. 1 1 ,  for  the  security  vulnerability  that  they  each  face.  An  IEEE  802. 1 1  network  is  often  connected 
to  a  wired  network  or  the  Internet  unless  configured  as  "ad-hoc",  therefore  it  faces  the  aggregation  of 
attacks  from  both  directions.  We  conducted  War  Driving  in  the  City  of  Norfolk,  and  gathered  some 
statistics  reflecting  the  current  status  of  WLAN  security  deployment.  We  then  looked  at  the  basic 
security  mechanisms:  access  control  and  WEP  shared  key  authentication  and  come  up  with  some 
quick  solutions  that  will  mitigate  hacker  activity  on  WLAN.  We  were  able  to  test  some  of  the 
freeware  tools  from  the  Internet  that  claim  to  seek,  gather,  recover,  and  gain  access  to  a  wireless 
network.  Although  currently  there  is  no  sure  way  to  block  out  determined  unauthorized  users  on  a 
WLAN,  we  can  at  least  ensure  that  intruders  will  find  it  hard  to  access  this  wireless  network  and  go 
somewhere  else. 
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DYNAMIC  MULTI-MODAL  MULTI-PLATFORM  XML  PUBLISHING.  Moses  C.  Allotev- 
Pappoe  &  Jacquelynn  R.  Dolly,  Department  of  Computer  Science,  Norfolk  State  University,  Norfolk, 
VA  23504.  }The  ever-increasing  demand  to  structure  and  describe  data  for  Internet-based 
applications  caused  a  rapid  development  and  adoption  of  XML  technologies  for  Internet. 
Information  publishers  are  challenged  with  the  problem  of  dynamically  restructuring,  filtering,  and 
redefining  data  into  formats  suitable  for  applications  on  various  computing  platforms.  This  problem 
can  be  easily  solved  using  XML,  the  Extensible  Markup  Language.  Documents  marked  in  XML,  free 
from  any  format  or  system-dependency  can  then  be  dynamically  transformed  into  any  layout  or  style 
using  the  XSL,  the  XML  Stylesheet  Language.  We  developed  an  application  in  which  documents 
coded  in  XML  can  be  converted  into  three  formats,  HTML,  WML,  and  XHTML  +  VoiceXML  for 
three  different  Internet  browsers  (an  HTML  browser,  a  WAP  browser,  and  a  multimodal  browser 
respectively)  on  demand  using  open-source  products  such  as  Jakarta  Tomcat,  Apache  Cocoon  and 
Multimodal  Browser  and  Toolkit  Beta  from  IBM  Alphaworks.  (Supported  by  FAA  Grant  Number 
OO-G-03 1  under  the  supervision  of  Dr.  Mou-Liang  Kung,  Professor  of  Computer  Science,  Norfolk 
State  University) 


FINGERPRINTING  AS  A  BIOMETRIC  METHOD.  Tiffany  M.  Parker.  Dept,  of  Computer  Science, 
Hampton  University;  Hampton,  VA  23668.  Biometrics  is  the  science  of  identifying  individuals  by 
their  biological  traits.  The  oldest  and  most  common  form  of  biometrics  is  a  fingerprint.  Most 
systems  for  fingerprint  comparison  are  based  on  minutiae  matching.  Minutiae  are  essentially 
terminations  and  bifurcations  (forks)  of  the  ridgelines.  Automatic  minutiae  detection  is  a  critical 
process,  especially  in  low-quality  fingerprint  images  where  deficiencies  add  or  disguise  pixels  that  can 
create  false  or  hide  real  minutiae.  The  algorithm  used  in  my  work  originally  identified  only  the  main 
pixel  that  corresponds  to  a  ridgeline,  practically  killing  all  noises  and  unwanted  details.  The  problem 
is  that  good  pixels  are  killed  too.  I  propose  that  this  process  can  be  improved  by  saving  not  only  the 
main  pixel  with  neighbors,  but  also  other  useful  pixels. 


Education 

EDUCATIONAL  TECHNOLOGY  USE  BY  SECONDARY  SCIENCE  STUDENT  TEACHERS. 
Karen  E.  Irving  &  Randy  Bell,  Center  for  Technology  and  Teacher  Education,  UVA.  This  study 
utilizing  surveys,  interviews,  classroom  observations,  lesson  plans  and  collected  artifacts  investigated 
the  use  of  educational  technology  by  fifteen  student  teachers  that  previously  completed  a  technology 
rich  pre-service  program.  These  student  teachers  reported  adequate  skills  and  intent  to  use  educational 
technology  with  the  adequate  opportunities  for  teaching  with  technology  at  the  secondary  school 
placement  sites.  Educational  technology  enhanced  inquiry-based  lessons  and  the  relevancy  of  topics 
beyond  the  limitations  of  traditional  classroom  investigation.  The  study  identified  the  influence  of  the 
mentor  teacher  attitude  toward  educational  technology  use,  student  teacher  concerns  regarding 
achievement  level,  behavioral  characteristics  and  technology  skills  levels  of  the  secondary  student 
population  and  access/reliability  issues  as  factors  that  facilitated  and/or  impeded  the  use  of 
educational  technology.  The  study  explored  implications  of  the  findings  for  preservice  teacher 
preparation,  for  student  teaching  placements,  for  preservice  science  teacher  educators  and  for  policy 
makers  who  support  the  integration  of  educational  technology.  In  addition,  aspects  of  ePCK, 
electronic  pedagogical  content  knowledge,  were  described. 


HANDS-ON  SCIENCE  ACTIVITIES  FOR  BIOLABS  AT  THE  SCIENCE  MUSEUM  OF 
VIRGINIA.  1  Valerie  Riley,  ^Elizabeth  D.  Alford,  and  2,3Eugene  G.  Maurakis,  1  Randolph-  Macon 
College,  ^Science  Museum  of  Virginia,  ^University  of  Richmond.  We  are  creating  four  new 
laboratory  areas  (BioLabs)  to  allow  visitors  to  explore  science  phenomena  beyond  what  is  available  in 
the  Bioscape  exhibit  area.  As  environments  of  discovery,  the  Biolabs  will  provide  visitors,  especially 
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teachers  and  their  students,  with  access  to  authentic  scientific  research,  involvement  in  problem 
solving  experiences  and  manipulation  of  laboratory  equipment.  To  date,  we  have  created  seven 
model  activities,  each  focusing  on  a  natural  history  collection  from  Virginia  written  with  parent  and 
teacher-friendly  instructions.  All  activities  are  open-ended,  allowing  motivated  learners  to  extend 
their  experiences  as  far  as  they  wish.  Each  activity  in  the  Biolabs  contains  extensions,  including 
"make  and  take"  items,  "See  for  Yourself,"  resource  sections,  and  ideas  for  relating  the  activity  to  the 
outdoors,  including  such  adventures  as  field  trips  and  guided  environmental  monitoring. 
Additionally,  each  Biolab  activity  will  relate  to  a  specific  museum  destination.  Funded  in  part  by  the 
Richmond  Academy  of  Medicine,  and  the  Richmond  Academy  of  Medicine  Alliance. 


ASSESSING  THE  EFFECTS  OF  SCIENCE  EDUCATION  STANDARDS  AND  ASSESSMENTS. 
Alvin  M.  Pettus,  College  of  Education,  James  Madison  University,  Harrisonburg,  VA.  National  and 
state-level  standards  and  assessments  for  science  teachers  and  students  have  received  unprecedented 
emphasis  over  the  last  few  years.  The  effectiveness  of  those  standards  and  assessments  for 
significantly  increasing  students’  ability  to  apply  science  concepts  and  skills  is  suspect.  Most  claims 
of  positive  effects  are  based  on  fragmented  and  short-term  outcomes  assessed  by  methods  and 
instruments  that  lack  validity  for  drawing  meaningful,  long-term,  and  socially  relevant  inferences. 
Data  from  large-scale  assessments  such  as  the  National  Assessment  of  Educational  Progress  (NAEP) 
and  the  Third  International  Mathematics  and  Science  Study  (TIMSS)  provide  no  definitive  evidence 
that  the  emphasis  on  standards  and  assessments  have  improved  student  achievement  in  science.  As 
one  would  expect,  student  scores  on  state-level  assessments  increased  as  curricula  were  aligned  with 
the  assessments  and  teachers  and  students  became  familiar  with  the  assessments.  Data  and  examples 
provided  support  the  argument  that  the  science  standards  and  assessments,  as  implemented,  have 
resulted  in  minimal  or  no  increase  in  student  outcomes  of  long-term  value.  More  coherent  and 
systematic  approaches  to  establishing  and  using  standards  and  to  assessing  important  and  enduring 
effects  of  science  instruction  are  needed. 


VOLUNTEERING:  IMPROVING  TEACHING  &  REKINDLING  THE  SPIRIT.  Kenneth  S. 
Lawwill,  Chantilly  High  School,  FCPS.  Veteran  teachers  frequently  find  themselves  in  a 
"professional  rut".  As  best  practice  changes  and  energy  may  diminish,  numerous  recent  factors  such 
as  SOL’s,  budget  cuts  and  changes  in  student  populations  increase  stress.  Volunteering  in  a  science- 
related  endeavor  such  as  a  museum,  zoo,  or  park  provides  renewal  of  interest,  fun,  and  self¬ 
enrichment.  Benefits  include  1 )  increasing  knowledge,  contacts  &  sources,  2)  engaging  a  more  willing 
group  of  learners,  and  3)  interacting  with  actively  participating  scientists. 


SPACE  PATROL:  INDIVIDUAL  AND  TEAM  RESEARCH  IN  THE  COLLEGE  ZOOLOGY 
LABORATORY.  Ronald  S.  Mollick,  Dept,  of  Biol,  Chem.  &  Environ.  Sci.,  Christopher  Newport 
Univ.,  Newport  News,  VA.  23606.  An  important  goal  of  every  Biology  degree  program  is  to  give 
students  an  appreciation  of  the  techniques  and  challenges  associated  with  research.  The  lab  exercise  1 
call  "Space  Patrol"  does  that  in  my  Invertebrate  Zoology  laboratory.  It  shakes  the  complacency  of 
students  who  are  used  to  being  told  exactly  what  to  do  and  requires  them  to  utilize  previously  learned 
lab  skills  and  invent  new  ones.  The  scenario  with  which  they  are  presented  is  based  on  a  science 
fiction  theme.  They  are  given  two  "probes"  from  an  unknown  planet  which  is  about  to  be  destroyed 
and  they  are  required  to  "...learn  everything  you  can  about  the  biology  of  the  two  life  forms  in  the  next 
three  hours;  the  fate  of  an  entire  planet  is  in  your  hands."  This  lab  replaces  a  lab  on  the  phylum 
Mollusca.  The  probes,  respectively,  contain  freshwater  clams  and  estuarine  snails,  representatives  of 
the  two  largest  taxonomic  classes.  They  spend  the  period  investigating  any  and  all  aspects  of  the 
biology  of  the  two  life  forms  and  must  produce  a  written  report  complete  with  drawings,  observations 
and  conclusions.  Managing  the  exercise  over  the  years  was  a  learning  process  for  me.  I  concluded 
that  standard  molluscan  biology  was  covered  adequately  while  at  the  same  time  allowing  students  to 
enter  an  enjoyable  research  mode.  This  continues  to  be  the  highest  rated  lab  exercise  in  this  class. 
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JESSIE  BALL  DUPONT  FUND  ENVIRONMENTAL  SCIENCE  INITIATIVE  :K- 1 2 
EDUCATION  EFFORTS  AT  THE  CLAYTOR  NATURE  STUDY  CENTER.  SUMMARY 
REPORT,  SPRING  2003.  Woody  McKenzie  and  Judy  Strang,  Lynchburg  CoIIege.This  report 
summarizes  a  three  year  environmental  education  effort  funding  the  recent  acquisition  Lynchburg 
College’s  470  acre  Claytor  Nature  Study  Center.  During  this  time,  small-group,  inquiry-based 
activities  were  developed  and  implemented  during  38  separate  field  trips  with  area  K-12  students. 
Each  field  trip  was  accompanied  with  preparatory  classroom  workshops.  During  summers,  a  series  of 
three  teacher  workshops  involving  approximately  55  public  school  teachers  were  administered 
offering  curricula  and  materials  to  encourage  environmental  education  that  is  also  related  to  VA 
Standards  of  Learning.  Best  learning  gains  were  noted  using  small  groups  with  a  high  adult  to  student 
ratio  (at  least  1:4,  often  higher).  This  was  achieved  using  an  active  volunteer  base.  A  positive, 
unintended  outcome  was  the  important  connection  to  the  community  through  a  varied  base  of 
volunteers  that  included  professionals,  retirees,  students,  parents,  and  others  who  also  were  given 
workshops  to  prepare  them  for  field  trips  with  students.  From  this  initiative,  a  fimiework  for 
experiential,  small  group  environmental  education  has  been  established  for  the  Claytor  Nature  Center. 

Environmental  Science 

COMPOSITION  OF  CRUSTACEAN  ZOOPLANKTON  IN  LAKE  DRUMMOND,  VIRGINIA.  S, 
Cerbin.  Adam  Michiewicz  University,  Department  of  Hydrobiology,  60-801  ul.  Marcelinska  4, 
Poznan,  Poland  &  H.  Marshall,  Old  dominion  University,  Department  of  Biological  Sciences, 
Norfolk,  Virginia,  USA  23529-0266.  The  purpose  of  this  study  is  to  examine  the  taxonomical 
composition  of  crustacean  zooplantkton  (Cladoceria  and  Copepoda)  species  occurring  in  Lake 
Drummond.  Water  samples  were  collected  during  summer  (July  and  August)  and  fall  (November 
2002.  The  sampling  station  was  located  at  the  pier  on  the  west  end  of  the  lake.  Samples  were  taken 
using  a  plankton  tow  net  with  mesh  size  of  80//m  and  an  opening  of  20  cm  in  diameter.  The  net  was 
towed  approximately  0.5m  beneath  the  water  surface.  Specimens  were  examined  under  light 
microscope  and  SEM.  There  were  four  cladocerans  identified  in  the  samples:  Bosmina  (Neobosmina) 
hagmani  STE'^GELIN;  B.  (Sinobosmina)  freyi  De  Melo  et  Herbert;  B.  (Neobosmina)  huaronensis 
Delachaux;  diaphanosoma  birgei  Korinek  and  one  species  of  copepod  Mesocyclops  edzx  Forbes. 
B.  huaronensis,  needs  further  examinations  of  confirmation.  All  Bosmina  Species  fround  during  the 
study  are  new  to  Lake  Durmmond,  the  most  common  species  were  B.  Hagmani  and  B.  freyi. 


EVALUATION  OF  THE  AQUATIC  COMMUNITY  STATUS  OF  TWO  STREAMS  IN  A  PRE¬ 
DEVELOPMENT  AREA  OF  STAFFORD  County,  VA.  Michael  L.  Bass.  Emma  B.  Law,  Robert  H. 
Strickler  and  Laura  R.  Winter,  Department  of  EnvSci  &  Geology,  Mary  Washington  College.  In  this 
study  using  the  EPA  Rapiol  Bioassessment  Protocol,  for  benthic  macro  invertebrates,  the 
macrobenthic  communities  of  England  Run  and  the  Unnamed  Tributary  were  sampled  seasonally  for 
a  year,  and  their  composition  was  determined.  The  order,  family,  genus  and  species  of  the  insects 
collected,  as  well  as,  their  trophic  type  and  determined.  The  Hilsenhoff  FBI  was  used  to  compare  the 
tolerance  to  pollution  for  the  organisms  found  in  the  arthropod  community.  The  Unnamed  Tributary 
scored  excellent  while  England  Run  scored  very  good  to  good  at  all  sampling  sites.  Another  metric 
was  %  EPT  used  to  calculated  the  number  of  mayflies,  stoneflies  and  caddisflies  as  a  percentage  of 
the  total  insect  community.  Again  the  Unnamed  Tributary  scored  highest  with  85.4  while  England 
Run  sites  ranged  from  37  to  77.  Standard  water  quality  parameters  were  measured  at  each  station. 
Slight  elevations  for  total  nitrogen  and  phosphorus  occurred  in  the  summer  months.  Dissolved 
oxygen  levels  were  at  or  above  70%  saturation.  Both  total  and  fecal  coliform  levels  were  elevated  at 
a  few  stations  on  England  Run  primarily  due  to  agricultural  animals  have  direct  streams  access. 

EVALUATION  OF  A  CONSTRUCTED  OFF-SITE  WETLAND  MITIGATION  AREA  IN 
SPOTSYLVIANA,VA.  Katherine  L.  Jennrich,  Laura  R.  Winter  &  Michael  L.  Bass.  Department  of 
EnvSci  &  GeoL,  Mary  Washington  College.  In  an  effort  to  mitigate  the  destruction  of  wetlands 
caused  by  building  a  major  commercial  business  park,  a  developer  constructed  a  3  acre  off-site 
wetland  in  the  Massaponax  Creek  drainage  basin  in  1996.  The  area  was  excavated,  prepared,  seeded 
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and  woody  stem  plants  were  planted  within  the  boundary  of  the  mitigation  site.  An  interim  report 
prepared  in  1999  showed  herbaceous  wetland  plant  growth  and  some  of  the  planted  trees.  In  2002 
another  evaluation  was  done  primarily  involving  the  density  of  the  woody  plants.  The  issued  permit 
required  a  minimum  woody  plant  density  of  400  stems  per  acre.  The  area  was  divided  into  a  20sqft 
grid  pattern  and  the  number  of  woody  plants  per  grid  were  counted  and  recorded.  This  showed  the 
distribution  pattern  of  the  different  woody  plants  over  the  entire  site.  An  average  of  320  woody  plants 
per  acre  was  shown.  This  density  was  less  than  the  requirements  of  the  mitigation  permit.  The  area 
had  experienced  severe  drought  conditions  for  about  three  years  and  grazing  by  wildlife.  Plans  are 
being  implemented  to  replant  larger  trees  with  organic  mulch  mixture.  Recent  rains  have  augmented 
the  water  levels  which  should  increase  the  success  of  this  constructed  wetland. 

FRESHWATER  SPONGES  AS  PAST  AND  PRESENT  INDICATORS  OF  WATER  QUALITY  IN 
LAKE  DRUMMOND,  VIRGINIA.  Jeremy  L.  Hicks,  Department  of  Biology,  Old  Dominion 
University,  Norfolk,  VA  23529.  Upon  analysis  of  a  19  cm  sediment  core,  three  freshwater  sponge 
species  were  identified;  Anheteromeyenia  tyderi,  Anheteromeyenia  argyrosperma,  and  Corvomeyenia 
everetti.  A  ryderi  was  dominant  between  13-15  cm  and  again  between  0-4  cm.  This  species  is  found 
in  lightly  shaded  areas  and  tends  to  be  present  when  A.  argyrosperma  and  C.  everetti  are  absent  or 
low  in  relative  abundance.  A.  argyrosperma  and  C  everetti  are  light-positive  species  that  were  in 
relatively  high  concentrations  below  16  cm,  and  also  between  5-12  cm.  These  two  species  are 
associated  with  each  other,  suggesting  that  they  occur  in  similar  water  conditions.  The  source  of  A. 
ryderi  is  likley  from  the  surrounding  ditches  that  drain  in  the  swamp  and  A  argyrosperma  and  C. 
everetti  may  be  associated  with  the  open  water  of  the  lake. 

Geography 

THE  GEOGRAPHY  OF  DENTAL  FACILITIES  IN  VIRGINIA.  Stephen  E.  Wrightl.  and  David 
Cockley2,  1  Department  of  Integrated  Science  and  Technology, 2  Department  of  Health  Sciences, 
James  Madison  University,  Harrisonburg,  VA  22081.  According  to  the  Surgeon  General  adequate 
oral  health  in  populations  requires  both  available  and  accessible  dental  services  including  an  adequate 
distribution  of  dentists.  Using  a  proxy  variable  (dental  facilities)  for  Dentists  location,  the  purpose  of 
this  study  was  to  explore  were  and  why  Virginia  dentists  geographically  locate  where  they  do.  To 
actualize  the  purpose  of  this  study  the  following  research  questions  were  explored  and  analyzed.  First, 
what  is  the  degree  of  relationship  between  dependent  variable  (DV)  Dental  Facilities  Location  and  the 
independent  variables  (IVs)  Population  Change,  Population  Density,  Urban  Population,  Rural 
Population,  Median  Family  Size,  Median  Age  of  Population,  Residential  Stability,  Education 
Attainment,  and  Median  Family  Income?  Second,  when  the  independent  variables  are  entered 
simultaneously  into  the  regression  equation,  which  variables  (or  variable)  are  the  best  predictors  of 
Dental  Facilities  Location?  There  were  13,182  dental  facilities  documented  in  the  study’s  database. 
The  regression  model’s  Adjusted  R  Square  was  0.731  and  the  best  predictor  of  Dental  Facilities  was 
Residential  Stability. 


CREATING  A  GEOGRAPHICAL  INFORMATION  SYSTEM  FOR  FRESHWATER  CRABS 
AND  FISHES  IN  GREECE.  Eugene  G.  Maurakis^’2  Walter  R.  T.  Witscheyl,  and  Panos  S. 
Economidis^,  1  Science  Mi^eum  of  Virginia,  2500  W.  Broad  St.,  Richmond,  VA  23220,  ^Biology 
Dept.,  UR,  Richmond,  VA  23173,  and  ^Zoology  Department,  Aristotle  University,  Thessaloniki 
54006  Greece.  The  objective  is  to  create  the  first  geographical  information  system  (GIS)  for 
freshwater  crabs  and  fishes  in  Greece  in  response  to  the  European  Environmental  Agency’s 
formulation  of  a  biodiversity  initiative  to  inventory,  identify  and  describe  aquatic  species  in  European 
Union  countries.  A  total  of  1931  collections,  made  with  seines,  dipnets,  and  a  backpack 
electroshocker  in  32  drainages  of  Greece  yielded  122  species  of  fishes  and  2,359  data  points  including 
species,  latitude,  longitude,  drainage,  prefecture,  and  locality;  of  which  73 1  also  include  stream  order, 
elevation,  gradient,  stream  width  and  depth,  pH,  temperature,  and  distance  to  river  mouth.  Preliminary 
GIS  analyses  indicate  current  distributions  of  all  species,  areas  rich  or  poor  in  species,  anomalous 
species  distributions,  areas  warranting  fiirther  sampling,  and  co-generic  species  whose  overlapping 
ecological  distributions  call  for  taxonomic  and  phylogenetic  investigation.  Funded  by  T.  F.  Jeffress 
and  K.  Miller  Jeffress  Memorial  Trust,  Science  Museum  of  Virginia,  and  University  of  Richmond. 
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A  PROPOSED  MODEL:  THE  EFFECTS  OF  LANDSCAPE  LAND-COVER  PATTERNS  ON 
METAPOPULATION  DYNAMICS.  A.  Scott  Bellows.  Cynthia  M.  Jones  &  Robert  K.  Rose, 
Department  of  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA.  Early  conceptual  models 
of  population  dynamics  did  not  address  the  influence  of  either  the  environment  or  nearby 
(sub)populations.  In  most  traditional  models  of  metapopulation  regulation,  spatial  factors  are  only 
implicitly  addressed.  Hierarchical  theory  traditionally  introduces  environmental  factors  at  ecosystem 
and  landscape  levels  of  ecology  (linear  and  not  realistic).  Here  we  attempt  a  non-linear  approach  that 
will  incorporate  environmental  influence  on  metapopulation  regulation.  Our  primary  objective  is  to 
generate  a  working  single-species  (grid-based)  population  model  that  will  consider  the  collective 
effects  of  population  regulation  processes  (birth,  death,  immigration,  and  emigration  rates),  landscape 
variation  {e.g.,  contagion,  habitat  quality),  and  regional  stochasticity  on  metapopulation  viability.  This 
model  will  incorporate  some  functions  of  Boolean  logic  common  in  traditional  models  with 
additional  fuzzy  logic  functions  to  incorporate  variable  landscape  characteristics.  By  manipulating  the 
vital  rates  of  individual  subpopulations  (occupied  patches),  we  could  potentially  simulate  an  infinite 
number  of  population  system  types  that  include  sources  and  sinks,  as  well  as  open  and  closed 
populations. 


NEW  SEARCHES  FOR  LOST  CITIES:  THE  ELECTRONIC  ATLAS  OF  ANCIENT  MAYA 
SITES.  Walter  R.  T.  Witschev^’^  &  Clifford  T.  Brown^,  1  Science  Museum  of  Virginia,  Richmond 
VA  23220  and  ^Middle  American  Research  Institute,  Tulane  University,  New  Orleans  LA  70118. 
The  ancient  Maya  occupied  a  region  comprising  the  modem  political  regions  of  eastern  Mexico, 
Guatemala,  Belize,  and  western  Honduras  and  El  Salvador.  Little  has  been  done  previously  to 
assemble  a  unified  picture  of  all  ancient  Maya  sites.  We  describe  the  problems  susceptible  to  analysis 
by  a  unified  database,  accessible  by  GIS  techniques,  the  implications  for  our  data  stmcture  model,  and 
the  tools  and  techniques  we  have  used  to  create  an  electronic  atlas  for  the  ancient  Maya.  Several 
challenges,  including  that  of  non-standardized  data  fi-om  various  political  subdivisions,  and  well  as 
coordinate  system  inconsistencies  and  our  solutions  to  them  are  outlines.  We  describe  the  use  of  our 
system  to  evaluate  several  theoretical  models  of  settlement  pattern  in  the  Maya  region.  Lastly,  we 
describe  the  extension  of  the  atlas  to  questions  of  the  cultural  implications  of  regional  variations  in 
architectural  styles,  language,  ceramics,  emblem  glyphs,  dynastic  events,  and  dated  monuments.  We 
conclude  with  a  review  of  opportunities  for  further  field  research  suggested  by  the  GIS  atlas. 

Geology 

(No  Abstracts  Submitted) 

Materials  Science 

CHARACTERIZATION  OF  ELECTROMIGRATION  IN  ALUMINUM  ALLOY  THIN  FILMS.  K. 
E.  Tinklepaugh  &  S.  C.  Matts,  Department  of  Physics,  Mary  Washington  College,  Fredericks-burg 
VA  22401-5358.  As  microelectronic  conductors  shrink,  they  are  subjected  to  increasingly  large 
current  densities,  with  more  electrons  dislodging  more  film  atoms  through  momentum  transfer.  This 
electromigration  produces  material  movement  in  the  direction  of  electron  flow  and  represents  the 
fundamental  failure  of  these  conductors.  To  study  this  damage,  the  current  density  must  be  precisely 
controlled,  even  as  sample  resistance  changes  with  time  under  test.  To  insure  control,  an  electrical 
test  program  was  written  in  Lab  VIEW.  This  program  allows  for  careful  testing  of  up  to  50  samples 
for  a  variety  of  user-selected  parameters.  Surface  damage  was  observed  and  quantified  for  test 
currents  ranging  from  80  to  180  mA  using  image  analysis  of  optical  micrographs.  A  nonlinear 
relationship  between  the  amount  of  damage  and  current  den-sity  will  be  presented.  This  allows  for 
eventual  calculation  of  metal  ion  drift  velocity,  since 
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where  the  current  density,  7,  may  have  an  exponent  other  than  one.  Clearly,  if  ways  to  decrease  can 
be  identified,  device  longevity  can  be  enhanced.  This  work  was  funded  by  both  the  Vir-ginia 
Academy  of  Science  and  Mary  Washington  College. 


Medical  Science 

THE  ANTINOCICEPTIVE  EFFECT  OF  THC  IN  THE  ARTHRITIC  RAT.  M.  L.  Cox  &  S.P. 
Welch,  Dept,  of  Pharmacology,  Virginia  Commonwealth  Univ.,  Richmond,  VA  23298.  We 
addressed  the  hypothesis  that  THC-induced  release  of  endogenous  opioids  results  in  antinociception 
in  arthritic  (FAA)  and  normal  (NA)  rats.  We  characterized  receptor  involvement  with  the  use  of 
antagonists  to  opioid  and  CBl  receptors.  THC-induced  antinociception,  attenuated  by  SR141716A 
and  naloxone  in  both  groups,  has  a  CBl  and  opioid  receptor  component.  A  kappa  opioid  component 
was  suggested  by  the  attenuation  with  nor-BNI  in  FAA  rats  only.  Using  a  spinal  cord  perfusion 
technique,  we  measured  levels  of  endogenous  opioids  in  CSF.  THC  (i.p.)  releases  dynorphin  A  (dyn 
A)  and  leu-enkephalin  (leu-enk)  in  CSF  of  NA  rats,  but  tends  to  decrease  release  in  FAA  rats. 
Vehicle  tended  to  increase  these  peptides  in  FAA  rats.  Met-enkephalin  levels  were  higher  in  naive 
FAA  rats  than  NA  rats,  but  THC  did  not  affect  release.  These  results  further  suggest  a  role  for  the 
kappa  opioid  system  in  THC-induced  antinociception.  Currently  we  are  determining  if  tolerance 
develops  to  chronic  administration  of  a  combination  of  low  doses  of  THC  and  morphine.  We  are  also 
measuring  dyn  A  levels  in  the  CSF  of  these  rats  as  well  as  taking  spinal  cord  and  midbrain  tissue  to 
determine  receptor  levels. 


ECSTASY-LIKE  STIMULUS  EFFECTS  OF  COCAINE  IN  ANIMALS.  N.  Khorana.  M.R. 
Pullagurla,  A.  Wesolowska,  R.  Young,  and  R.A.  Glennon,  Department  of  Medicinal  Chemistry, 
Virginia  Commonwealth  university,  Richmond,  VA  23298.  The  psychoactive  drugs  MDMA 
("Ecstasy")  and  cocaine  both  produce  stimulant  and  amphetamine-like  stimulus  effects,  and  an 
increase  in  synaptic  dopamine,  serotonin  and/or  norepinephrine  levels.  By  use  of  a  drug 
discrimination  task,  the  discriminative  stimulus  properties  of  (±)MDMA,  R(-)MDMA,  S(+)MDMA 
and  cocaine  were  studied  in  rats  trained  to  (±)MDMA  (1.5  mg/kg)  or  cocaine  (8  mg/kg).  R(-)MDMA 
(ED50  =  1.2  mg/kg),  S(H-)MDMA  (ED50  ==  0.8  mg/kg)  and  cocaine  (ED50  =  4.6  mg/kg)  generalized  to 
(±)MDMA.  However,  (±)MDMA,  R(-)MDMA,  and  S(+)MDMA  displayed  partial  generalization  in 
cocaine  trained  animals  (21-79%  cocaine-appropriate  responding).  The  stimulus  effects  of  cocaine 
were  examined  in  S(+)MDMA-trained  animals,  however  administration  of  cocaine  resulted  in  the 
disruption  of  behavior.  The  two  widely  abused  drugs  displayed  some  similarity  of  effect  when 
(±)MDMA,  but  not  cocaine,  was  used  as  the  training  drug.  The  observed  asymmetric  generalization 
might  be  explained  by  the  complex,  but  overlapping,  mechanisms  of  action  of  these  agents. 
[Supported  in  part  DA-01642] 


CHARACTERIZATION  OF  A  PATHOGENIC  HERPES-LIKE  VIRUS  FROM  THE  CARIBBEAN 
SPINY  LOBSTER.  C.  L.  Hartwig  &  R.E.  Ratzlaff,  Dept,  of  Biol.  Sci.,  Old  Dominion  University, 
Norfolk,  VA  23529.  The  first  naturally  occurring  vims  to  cause  disease  in  a  lobster  species  was 
recently  described  in  the  Caribbean  spiny  lobster,  Panulirus  argus.  In  order  to  isolate  this  new 
herpes-like  vims  of  Panulirus  argus  (HLV-PA),  hemolymph  from  diseased  and  healthy  lobsters  was 
separated  using  step-gradient  ultracentrifugation.  HLV-PA  particles  measuring  approximately 
120nm  were  found  in  hemolymph  from  diseased  animals  only.  An  initial  volume  of  7.5mls  of 
hemolymph  yielded  HLV-PA  containing  approximately  11  ug  of  nucleic  acid  and  106  ug  of  protein. 
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There  are  at  least  10  proteins  ranging  is  size  from  1 1  to  71  kD  associated  with  the  virus.  Hemolymph 
from  diseased  lobsters  showed  proteins  bands  similar  to  those  of  HLV-PA  as  well  as  other  proteins 
that  may  reveal  how  invertebrates  deal  with  viral  infections,  (Supported  by:  NSF  &  NOAA/National 
Marine  Fisheries) 


IMMUNOmSTOCHEMICAL  ANALYSIS  OF  MECHANISMS  OF  TUMOR  REGRESSION 
AFTER  T  CELL  ADOPTIVE  IMMUNOTHERAPY.  A.  Duong.  L.J.  Graham  and  H.D.  Bear,  Depts. 
of  Surgery,  Microbiology  and  Immunology,  Massey  Cancer  Center,  Virginia  Commonwealth  Univ., 
Richmond,  VA,  23298.  Adoptive  immunotherapy  (AIT)  involves  the  transfer  of  anti-tumor 
lymphocytes  to  a  tumor-bearing  host  (TBH)  with  the  expectation  of  making  the  tumor  regress.  The 
purpose  of  this  experiment  is  to  study  the  microanatomy  and  mechanisms  of  tumors  undergoing 
adoptive  immunotherapy  using  immunohistological  techniques.  Lymphocytes  from  TBHs  were 
activated  and  expanded  ex  vivo  with  bryostatin  1  and  ionomycin  in  preparation  for  AIT.  Three 
experimental  groups  of  tumor  bearing  hosts  were  established:  a  control  group  receiving  no  treatment, 
a  group  receiving  the  chemotherapeutic  drug  cyclophosphamide,  and  a  group  receiving 
cyclophosphamide  and  adoptive  immunotherapy.  Growth  and  regression  were  recorded  over  several 
days.  Tumors  were  excised  from  each  of  the  three  groups  on  specified  days  for  immunohistochemical 
study  using  three  different  antibodies:  Mac3,  CD8a,  and  CD4.  AIT  coinciding  with 
cyclophosphamide  treatment  resulted  in  complete  tumor  regression.  Each  antibody  binded 
specifically  to  their  respective  antigens  and  degenerating  tumors  had  cells  that  appeared  to  pull  apart 
from  each  other. 


MD-354  POTENTIATES  THE  ANTINOCICEPTIVE  EFFECTS  OF  CLONIDINE.  A,  Wesolowska 
and  M.  Dukat,  Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University,  Richmond 
VA  23298.  In  the  course  of  continuing  studies  with  arylguanidines  in  our  laboratory,  meta- 
chlorophenylguanidine  (MD-354)  was  synthesized  and  examined.  MD-354  displays  equipotent 
affinities  for  serotonin  5-HT3  receptors  (Kj=35  nM)  and  a2B"adrenergic  receptors  (Ojb-AR)  (K^=25 
nM),  but  somewhat  lower  affinity  for  (02^-  and  (a2c-ARs.  Because  5-HT3  agonists  as  well  as  a2NON.A" 
AR  agonists  might  be  involved  in  antinociception,  it  was  of  interest  to  determine  if  MD-354 
possesses  antinociceptive  properties  in  the  tail-flick  test  in  mice.  Subcutaneous  administration  of  MD- 
354  (up  to  10  mg/kg)  did  not  produce  antinociception.  Because  clonidine,  a  nonselective  OjAR 
agonist,  has  antinociceptive  effects  both  in  animals  and  humans,  we  investigated  the  effect  of  MD- 
354  in  a  combination  with  clonidine.  MD-354  failed  to  antagonize  the  effect  of  clonidine,  but  a 
combination  of  an  inactive  dose  of  clonidine  (0.25  mg/kg,  MPE=13%)  with  MD-354  (MPE=8%) 
produced  antinociception  in  mice  (MPE=83%).  The  effect  of  MD-354  was  not  antagonized  either  by 
the  5-HT3  antagonist  zacopride  nor  by  the  a2B-AR-selective  antagonist  imiloxan.  MD-354  potentiated 
the  antinociceptive  effect  of  clonidine,  but  its  mechanism  remains  to  be  determined. 


MD-354  POTENTIATES  THE  ANTINOCICEPTIVE  EFFECTS  OF  CLONIDINE.  A,  Wesolowska 
and  M.  Dukat,  Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University,  Richmond 
VA  23298.  In  the  course  of  continuing  studies  with  arylguanidines  in  our  laboratory,  meta- 
chlorophenylguanidine  (MD-354)  was  synthesized  and  examined.  MD-354  displays  equipotent 
affinities  for  serotonin  5-HT3  receptors  (K^=35  nM)  and  a2B-adrenergic  receptors  (cx2b-AR)  (K^=25 
nM),  but  somewhat  lower  affinity  for  (oc^a-  and  (o^c-ARs.  Because  5-HT3  agonists  as  well  as  cx2non-a" 
AR  agonists  might  be  involved  in  antinociception,  it  was  of  interest  to  determine  if  MD-354 
possesses  antinociceptive  properties  in  the  tail-flick  test  in  mice.  Subcutaneous  administration  of  MD- 
354  (up  to  10  mg/kg)  did  not  produce  antinociception.  Because  clonidine,  a  nonselective  OjAR 
agonist,  has  antinociceptive  effects  both  in  animals  and  humans,  we  investigated  the  effect  of  MD- 
354  in  a  combination  with  clonidine.  MD-354  failed  to  antagonize  the  effect  of  clonidine,  but  a 
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combination  of  an  inactive  dose  of  clonidine  (0.25  mg/kg,  MPE=13%)  with  MD-354  (MPE=8%) 
produced  antinociception  in  mice  (MPE=83%).  The  effect  of  MD-354  was  not  antagonized  either  by 
the  5-HT3  antagonist  zacopride  nor  by  the  (X2B-AR-selective  antagonist  imiloxan.  MD-354  potentiated 
the  antinociceptive  effect  of  clonidine,  but  its  mechanism  remains  to  be  determined. 


ADAPTATION  OF  GPCRs  IN  MOUSE  BRAIN  FOLLOWING  CHRONIC  THC  TREATMENT. 
M.P.  Cassidy.  L.J.  Sim-Selley  &  D.E.  Selley,  Dept,  of  Pharmacology  &  Toxicology,  VCU,  Richmond 
VA  23298.  The  effects  of  A^-THC,  the  primary  psychoactive  component  of  marijuana,  are  mediated 
by  CB,  cannabinoid  receptors  in  brain.  CB,  receptors  produce  an  intracellular  response  by  activating 
G-proteins  of  the  Gi/o  type.  We  hypothesized  that  receptors  that  are  co-localized  with  produce  a 
diminished  signal  at  the  level  of  the  G-protein  and  adenylyl  cyclase  following  chronic  THC 
administration.  Results  in  cerebellum  show  that  CBj  receptors  in  chronic  THC  treated  animals 
produce  a  decreased  Ej^a^  a  rightward  shift  in  the  ECjg  value  at  the  level  of  the  G-protein 
compared  with  vehicle  control.  CB,,  A1  adenosine  and  GABAg  receptors  in  chronic  THC  treated 
animals  produce  a  decreased  E^^ax  of  adenylyl  cyclase  inhibition  compared  to  vehicle  control. 
Furthermore,  CB,  and  GABAq  receptors  in  chronic  THC  treated  animals  produce  a  rightward  shift  in 
the  ECjo  value.  We  conclude  that  there  is  heterologous  desensitization  of  adenylyl  cyclase  inhibition 
and  homologous  desensitization  of  G-protein  activation  after  chronic  A^-THC  administration  in 
cerebellum,  a  region  with  demonstrated  CB,  co-localization. 


NEW  GENERATION  OF  5HT2A  ANTAGONISTS:  SpAMDA  &  IT’s  ANALOGS.  S.  Peddi'.  B.L. 
Roth^,  R.A.  Glennon'  &  R.B.  Westkaemper'.  'Department  of  Medicinal  Chemistry,  School  of 
Pharmacy,  VCU,  Richmond,  VA  and  ^Departments  of  Psychiatry,  Biochemistry  and  Neurosciences, 
CWRU,  Cleveland,  OH.  Serotonin  (5-HT)  is  an  important  modulatory  neurotransmitter  that  generally 
exhibits  inhibitory  activity  and  the  knowledge  about  its  role  in  (patho)physiological  processes,  both 
peripherally  and  centrally,  is  steadily  growing.  The  actions  of  5-HT  are  mediated  by  a  number  of 
specific  receptors  which  have  been  classified  into  7-classes  (5-HT,.7)  including  15  different  subtypes. 
5-HT2  receptors  have  a  significant  clinical  interest  because  of  their  potential  involvement  in  certain 
mental  disorders.  A  design  based  approach  towards  novel  ligands  utilizing  molecular  modeling, 
ligand  SAR  &  site-directed  mutagenesis  studies  resulted  in  the  synthesis  of  AMDA  (9-aminomethyl- 
9, 1 0-dihydroanthracene),  a  novel  tricyclic  antagonist  for  the  5-HT2A  receptor  (Kj=20  nM).  Structural 
modification  of  AMDA  led  to  the  synthesis  of  SpAMDA  with  high  affinity  for  the  5-HT2A  receptor 
(K,=4  nM).  SpAMDA  does  not  structurally  conform  to  the  established  SAR  of  other  high  affinity 
ligands  for  the  5-HT2A  receptor.  Functional  studies  suggest  SpAMDA  is  a  potent  antagonist  at  the  5- 
HT2A  receptor. 


EVIDENCE  FOR  CO-ACTIVATION  OF  PKC  AND  PKA  DURING  THE  EXPRESSION  OF  A 
HIGH  LEVEL  OF  MORPHINE  TOLERANCE  IN  MICE.  R.R.  Javed.  F.L.  Smith  &  W.L.  Dewey, 
Dept,  of  Pharmacology  &  Toxicology,  Virginia  Commonwealth  Univ.,  Richmond  VA  23298.  We 
have  previously  reported  that  a  single  ICV  injection  of  PKC  or  PKA  inhibitor  completely  reversed  8- 
fold  morphine  antinociceptive  tolerance.  We  developed  a  model  of  45-fold  tolerance  that  involved 
implantation  of  75  mg  morphine  pellets  and  twice  daily  supplemental  morphine  injections.  At  72-h, 
doses  of  the  PKC  inhibitors  bisindolymaleimide  I  and  GO-7874  that  completely  reversed  8-fold 
tolerance,  only  partly  reversed  the  high  level  of  tolerance  to  challenge  doses  of  morphine.  A  partial 
reversal  also  only  occurred  with  the  PKA  inhibitor  KT-5720.  In  effort  to  demonstrate  complete  PKC- 
induced  tolerance  reversal,  two  site-specific  inhibitors  were  tested.  The  tolerance  reversal  elicited  by 
co-administering  GO-7874  (ATP-binding  site)  and  chelerythrine  (catalytic  site)  was  no  greater  than 
the  reversal  elicited  by  GO-7874  with  vehicle.  However,  co-administering  each  PKC  inhibitor  with 
KT-5720  completely  reversed  the  45-fold  morphine  tolerance.  Thus,  both  the  adenylyl  cyclase  and 
phosphatidylinositol  cascades  appear  to  be  concurrently  active  during  high  levels  of  morphine 
tolerance.  Supported  by  NIDA  DA-01647-26. 
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GRANULOCYTES  INFILTRATE  SYSTEMIC  VASCULAR  TISSUE  IN  WOMEN  WITH 
PREECLAMPSIA.  C.E.  Leik  &  S.W.  Walsh,  Departments  of  Ob/Gyn  &  Physiology,  Virginia 
Commonwealth  University,  Richmond,  VA  23298.  Granulocytes  are  activated  in  preeclampsia  (PE), 
but  their  role  in  the  pathogenesis  of  PE  is  unknown.  We  hypothesized  that  granulocytes  infiltrate 
systemic  vascular  tissue  to  cause  vascular  dysfunction  in  PE.  METHODS:  Subcutaneous  fat  biopsies 
were  obtained  at  C-section  from  6  normal  pregnant  (NP)  and  5  PE  women.  Immunohistochemical 
staining  was  performed  for:  CD66b,  a  granulocyte-specific  antigen;  ICAM-1,  an  intercellular 
adhesion  molecule;  and  IL-8,  a  neutrophil  chemokine.  RESULTS:  CD66b  staining  was  significantly 
greater  for  PE  than  NP  with  regard  to  the  number  of  vessels  stained,  endothelial  cell  adherence  and 
flattening,  and  infiltration  into  the  intima.  The  number  of  granulocytes/vessel  was  also  greater  for  PE 
than  NP.  Staining  of  endothelial  ICAM-1  and  staining  of  vascular  smooth  muscle  IL-8  was  greater  in 
PE  than  NP.  CONCLUSION:  This  study  is  the  first  to  show  granulocyte  infiltration  into  systemic 
vascular  tissue  in  PE.  These  findings  provide  a  reasonable  explanation  for  vascular  dysfunction  in  PE 
because  granulocytes  produce  toxic  substances  (myeloperoxidase,  superoxide,  TNFa,  thromboxane) 
that  could  explain  clinical  symptoms,  such  as  hypertension,  proteinuria  and  edema. 


NOVEL  5-HT6  RECEPTOR  ANTAGONISTS.  M.R.Pullagurla'.  M.Dukat',  B.L.Roth^,  & 
R.A.Glennon',  ’Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University,  Richmond, 
VA  23298  and  ^Department  of  Biochemistry,  Case  Western  Reserve  University,  Cleveland,  OH. 
Serotonin  S-HT^  receptors  belong  to  the  GPCR  superfamily  and  are  positively  coupled  to  an  adenylate 
cyclase  second  messenger  system.  Pharmacological  data  indicate  that  S-HT^  receptors  might  play  a 
role  in  cognition/memory  processes  and  seizure  propagation,  and  that  S-HT^  antagonists  might  be 
useful  in  the  treatment  of  neuropsychiatric  disorders,  cognitive  dysfunction,  and  as  anticonvulsants.  In 
the  present  investigation,  structure-activity  studies  of  the  S-HT^  antagonist  N,- 
(benzenesulfonyl)tryptamines  (reported  earlier  from  these  laboratories)  revealed  the  importance  of 
certain  structural  features  required  for  high-affinity  binding  at  S-HT^  receptors.  This  study  also 
suggested  that  benzenesulfonyltryptamines  and  S-HT^  antagonists  reported  by  Hoffrnann-La  Roche 
(N-aryl-4-aminobenzenesulfonamides)  likely  bind  in  a  different  manner.  In  this  process  we  have 
developed  S-HT^  receptor  antagonists  of  novel  structure-type  (e.g.  5-azatryptamine  analogs  such  as  1- 
benzenesulfonyl-N,N-dimethyl-5-azatryptamine;  Ki  =  80  nM)  that  retain  high  affinity  for  S-HT^ 
receptors.  [Supported  in  part  by  MH  60599] 


BAD-MEDIATED  SURVIVAL/APOPTOSIS  IN  ERYTHROPOIETIN-DEPENDENT 
ERYTHROLEUKEMIA  CELLS.  R.M.  Abutin,  H.  Bao,  S.M.  Jacobs-Helber,  H.  Harada  & 
S.T.Sawyer,  Dept,  of  Pharmacology/Toxicology,  Virginia  Commonwealth  University,  Richmond,  VA 
23298.  Erythropoietin  (EPO)  is  the  primary  hormone  required  for  survival  of  erythroid  progenitors. 
A  central  regulator  of  survival/apoptosis  is  the  BCL-2  family  of  proteins,  which  include  the  pro- 
apoptotic  protein  BAD.  Survival  factors  such  as  EPO  or  mutations  in  cancer  cells  may  activate  BAD 
protein  kinases,  leading  to  phosphorylation  and  sequestration  of  BAD  with  14-3-3  to  suppress  BAD 
activity  promoting  continued  survival.  It  appears  that  PI3 -kinase,  MAP  kinase  and  PKC  pathways  are 
involved  in  this  phosphorylation  in  the  HCD57(R)  erythroleukemic  cell  line.  HCD57(R)  cells  appear 
to  be  resistant  to  conditions  which  promote  unphosphorylated  BAD  in  the  presence  of  EPO  while 
HCD57(K)  cells  appear  to  be  very  susceptible  to  similar  conditions.  Although  such  conditions  appear 
to  have  an  effect  on  BAD  phosphorylation  to  possibly  mediate  apoptosis  in  HCD57(K)  cells,  it  is 
possible  that  other  BCL-2  family  proteins  may  be  involved.  Resistance  to  BAD-mediated  apoptosis 
in  HCD57(R)  cells  despite  inhibition  of  multiple  EPO-dependent  signal  transduction  pathways 
presents  a  model  through  which  malignant  cells  may  escape  cell  death  despite  apoptogenic  insult. 
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CHARACTERIZATION  OF  OPIOID  RECEPTOR  SUBTYPES  IN  MORPHINE  TOLERANT  RAT 
PUPS.  D.C.  Stoller  and  F.L.  Smith,  Dept,  of  Pharmacology/  Toxicology,  Virginia  Commonwealth 
Univ.,  Richmond,  VA,  23298.  Many  human  infants  placed  on  extracorporeal  membrane  oxygenation 
or  mechanical  ventilation  are  continuously  infused  with  morphine  to  reduce  stress  and  provide 
analgesia.  Morphine  administration  can  result  in  the  development  of  tolerance.  We  developed  a 
model  of  tolerance  in  P14  rats  that  were  implanted  with  saline-  or  morphine-filled  osmotic 
minipumps  to  deliver  2  mg/kg/h  morphine  for  72  h.  Following  the  72  h,  PI 7  naive,  saline-treated, 
and  morphine-treated  rats  were  challenged  with  varying  doses  of  morphine  and  antinociception  was 
assessed  using  the  warm  water  tail-flick  test.  EDjq  values  for  naive  and  saline-treated  rats  are  3.7  and 
4.3  mg/kg,  respectively.  However,  the  antinociceptive  efficacy  of  morphine  was  significantly  reduced 
such  that  the  dose-response  curve  was  shifted  to  the  right  in  a  non-parallel  fashion  using  morphine 
doses  fi-om  50  to  1000  mg/kg.  Pre-treating  the  rats  with  the  kappa  antagonist  nor-BNI  partly 
antagonized  this  curve.  We  are  currently  investigating  the  contribution  of  delta  opioid  receptors  to  the 
dose-response  curve.  These  results  indicate  that  morphine  may  become  non-selective  at  high  doses  in 
tolerant  rats.  Supported  by  NIDA  T-32-DA-07027. 


AD-CMV-R1A7:  IN  VITRO  CHARACTERIZATION  OF  A  RECOMBINANT  ADENOVIRUS 
EXPRESSING  UDP-GLUCURONOSYL  TRANSFERASE  1A7.  L.  J.  Webb.  F.  K.  Kessler  &  J.  K. 
Ritter,  Dept,  of  Pharmacology/Toxicology,  Virginia  Commonwealth  University,  Richmond,  VA 
23298.  UDP-glucuronosyl  transferase  1A7  (UGT1A7)  is  a  phase  II  enzyme  usually  increasing 
elimination  of  xenobiotic  substances  and  drugs.  It  is  expressed  at  low  levels  in  the  liver,  but  induced 
by  several  agents.  It  has  been  shown  to  have  an  in  vitro  specificity  for  bulky  planar  and  non-planar 
phenols,  such  as  benzo[a]pyrene  (BaP)  metabolites.  Therefore,  UGT1A7  may  aid  in  the  in  vivo 
elimination  of  BaP,  reducing  its  associated  carcinogenic  effects.  To  this  end,  a  recombinant 
adenovirus  expressing  rat  UGT1A7  was  developed  (Ad-CMV-rl  A7).  Western  blot  analysis  of  Gunn 
primary  rat  hepatocytes  (PRH)  infected  with  Ad-CMV-rl  A7  resulted  in  detectable  levels  of 
UGT1A7.  Furthermore,  through  HPLC  analysis  of  the  media,  the  infected  PRH  were  able  to 
glucuronidate  acetaminophen  at  a  higher  rate  than  controls.  By  HPLC  analysis,  HepG2  cell  lysates 
infected  with  Ad-CMV-rl  A7  were  found  to  glucuronidate  BaP-7,8-/rara-diol  (BPD)  yielding  the  Km 
and  the  Vmax  to  be  21.4  pM  and  200  pmoFmg/min,  respectively.  This  research  has  shown  that 
continued  in  vivo  work  is  necessary  to  quantify  the  role  of  UGT1A7  in  BaP  metabolism  (Supported 
by  1R01ES07763  fromNIEHS.) 


SYNTHESIS  AND  BINDING  PROPERTIES  OF  BUPROPION  METABOLITE  ISOMERS.  M.  L. 
Bondarev.  T.  S.  Bondareva,  R.  Young  &  R.  A.  Glennon,  Department  of  Medicinal  Chemistry, 
Virginia  Commonwealth  University,  Richmond  VA  23298.  Bupropion,  an  atypical  antidepressant  and 
smoking  cessation  agent,  is  a  chiral  substance  existing  both  as  (+)-  and  (-)-enantiomers.  Bupropion 
does  not  bind  at  the  major  CNS  receptors,  and  its  mechanism  of  action  is  not  well  understood. 
Bupropion  is  extensively  metabolized  in  vivo  to  form  six  major  metabolites  in  humans;  (+)-  and  (-)- 
/’/2reohydrobupropion,  (+)-and  (-j-e/^f/zrohydrobupropion  (formed  in  lesser  amounts  than  the  others), 
and  (S,S)-  and  (.^,i?)-hydroxybupropion.  Bupropion  and  its  four  major  human  metabolites  [(+)-  and  (- 
j-Z/zreohydrobupropion,  {S,S)-  and  (i?,i?)-hydroxybupropion]  were  synthesized  and  all  lacked  affinity 
(Ki  >10,000  nM)  for  a2p2,  a2p4,  a3p2,  a3p4,  a4p4,  and  the  major  brain  population  (a4p2)  of 
nACh  receptors.  None  of  the  agents  showed  affinity  for  SERT.  Bupropion  exhibited  only  low  affinity 
for  DAT.  5',5'-Hydroxybupropion  showed  affinity  both  for  DAT  and  NET,  suggesting  it  might  be  an 
active  metabolite.  Bupropion  and  its  metabolite  isomers  behaved  as  noncompetitive  antagonists  in  a 
*^Rb^  efflux  assay  in  cells  expressing  a3p4  nACh  receptors  and  might  indirectly  influence 
neurotransmitter  reuptake.  Results  suggest  that  metabolites  of  bupropion  could  contribute  to  its 
actions.  [Supported  by  DA-01642  and  DA-05274.] 
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STIMULUS  PROPERTIES  OF  BUPROPION  METABOLITES  IN  (-)NICOTINE-  AND 
(+)AMPHETAMINE-TRAINED  RATS.  T.  S.  Bondareva.  M.  L.  Bondarev,  R.  Young  &  R.  A. 
Glennon,  Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University,  Richmond,  VA 
23298.  Bupropion  is  a  weakly  potent  nicotine-like  agent  as  well  as  a  central  stimulant  used  both  as  an 
antidepressant  and  as  a  smoking  cessation  agent.  One  or  more  bupropion  metabolites  might  contribute 
to  producing  some  of  its  effects.  We  used  a  drug  discrimination  task  to  examine  the  effect  of  four 
optical  isomers  [(-)i?,5'-^/zreohydrobupropion,  (+)5',/?-//zreohydrobupropion,  i?,i?-hydroxybupropion 
and  iS',iS'-hydroxybupropion]  of  the  two  major  bupropion  metabolites  in  rats  trained  (VI- 15s)  to 
discriminate  the  effects  of  0.6  mg/kg  of  (-)nicotine  or  1  mg/kg  of  (+)amphetamine  (ED50  =  0.3 
mg/kg)  from  saline.  Bupropion,  but  none  of  the  metabolite  isomers,  substituted  completely  for  (- 
)nicotine;  some  metabolite  isomers  might  contribute  to  the  stimulus  actions  of  bupropion.  S,S- 
Hydroxybupropion  (EDjq  =  4.4  mg/kg),  like  bupropion  (ED50  =  5.4  mg/kg),  produced 
(+)amphetamine-like  stimulus  effects,  and  might  contribute  to,  or  be  responsible  for,  the  stimulant 
actions  of  bupropion.  Some  effects  of  bupropion  and  hydroxybupropion  could  be  related  to  indirect 
nACh  receptor  actions  resulting  in  neurotransmitter  release.  [Supported  in  part  by  DA  01642  and  DA 
05274.] 


TWO-LEVER  DRUG  DISCRIMINATION  WITH  THE  ATYPICAL  ANTIPSYCHOTIC 
CLOZAPINE  IN  C57BL/6  MICE.  S.D.  Philibin.  L.E.  Wise,  A.J.  Prus,  A.L.  Pehrson,  &  J.H.  Porter, 
Department  of  Psychology,  Virginia  Commonwealth  University,  Richmond  VA  23284-2018. 
Clozapine  (CLZ)  is  the  prototypical  atypical  antipsychotic  drug  (APD)  and  is  superior  to  typical 
APDs  for  the  treatment  of  schizophrenia.  One  important  preclinical  assay  used  in  drug  development 
to  help  identify  neurotransmitter  receptor  targets  for  putative  APDs  is  drug  discrimination.  CLZ  drug 
discrimination  has  previously  been  studied  using  rats,  pigeons,  and  non-human  primates.  The  goal  of 
the  present  study  was  to  establish  CLZ  drug  discrimination  using  wild-type  mice.  C57BL/6  mice  were 
trained  to  discriminate  2.5  mg/kg  CLZ  (s.c.)  vs.  vehicle  using  a  fixed  ratio  10  reinforcement  schedule 
for  liquid  reinforcement.  The  mice  learned  the  discrimination  in  an  average  of  36.5  training  sessions 
(SEM  =  3.47).  A  dose  effect  curve  for  CLZ  yielded  an  ED5(;=  1.14  mg/kg  (95%  C.I.  =  0.95  -  1.37 
mg/kg)  with  frill  generalization  at  the  training  dose  and  at  5.0  mg/kg;  however,  there  were  strong  rate 
suppressant  effects  at  the  5.0  dose.  The  typical  APD  haloperidol  (0.05  -  0.4  mg/kg)  did  not  substitute 
for  CLZ.  These  preliminary  results  demonstrate  that  CLZ  two-lever  drug  discrimination  can  be 
established  in  mice  and  that  the  results  appear  to  be  similar  to  that  seen  in  other  species. 


THE  INTERACTION  OF  NICOTINE  AND  DELTA9-TETRAHYDROCANNABINOL:  A 
PHARMACOLOGICAL  AND  GENETIC  APPROACH.  F.M.  Orgain  and  M.  Imad  Damaj,  Virginia 
Commonwealth  University  Department  of  Pharmacology,  Richmond,  VA.  The  interaction  between 
delta  9-tetrahydrocannabinol  (THC)  and  nicotine  has  been  poorly  examined  in  spite  of  the  high 
frequency  of  co-administration  in  humans.  The  goal  of  the  present  study  was  to  determine  the 
pharmacological  interaction  between  these  drugs  after  acute  and  chronic  exposure.  Both  behavioral 
(agonist/antagonist)  and  genetic  (CBl  knockout  mice)  approaches  were  utilized  in  this  experiment.  In 
the  acute  study  the  interaction  of  nicotine  and  THC  on  pain  models  (tail  flick,  hotplate),  body 
temperature,  spontaneous  activity,  and  plus  maze  were  examined  after  subcutaneous  injection.  Our 
results  failed  to  show  a  significant  pharmacological  interaction  (inhibition  or  enhancement)  of  the 
cannabinoid  and  nicotinic  receptors.  Similarly,  studies  performed  after  chronic  exposure  to  both 
drugs  did  not  show  any  significant  interaction.  Indeed,  precipitated  nicotine  withdrawal  in  mice  was 
not  modulated  by  delta  9-THC  nor  resisted  by  CBl  knockout  mice.  This  separation  of  the 
pharmacological  and  biochemical  responses  of  THC  and  nicotine  suggests  co-administration  does  not 
play  a  significant  role  in  the  development  of  dependence  processes. 
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QUATERNARY  AMINOETHOXYPYRIDINE  ANALOGS  AS  NOVEL  ANTINOCICEPTIVE 
AGENTS.  R.  Simsek^  M.  Dukaf,  J.  Chang-Fong“,  M.  I.  Damaj'’,  B.  R.  Martin*',  R.  A.  Glennotf, 
“Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University,*’  Department  of 
Pharmacology,  Virginia  Commonwealth  University,  Richmond,  VA,  23298.  Opioids  and  NSAIDs 
used  in  the  treatment  of  pain  have  some  drawbacks.  Nicotine  is  a  nicotinic  acetylcholinergic  (nACh) 
receptor  agonist  and  a  potent  analgesic  in  animals.  But  nicotine  also  has  some  drawbacks  that  include 
dependence  liability.  Dependence  is  a  centrally  mediated  effect.  It  might  be  possible  to  decrease  the 
central  side  effects  of  nACh  agonists  by  reducing  their  blood-brain  barrier  penetration.  The  N-methyl 
quaternary  amine  analog  of  nicotine  has  twice  the  affinity  of  nicotine  for  a4p2  nACh  receptors  (the 
major  type  of  nACh  receptors  in  brain).  We  prepared  quaternary  amine  analogs  of 
aminoethoxypyridine  nACh  agonists  and  found  that  some  a)  display  a4p2  nACh  receptor  affinity 
comparable  to  nicotine,  b)  display  up  to  100-fold  enhanced  affinity  relative  to  their  tertiary  amine 
counterparts,  and  c)  possess  significant  antinociceptive  actions  as  measured  in  the  tail-flick  assay  with 
mice  as  subjects.  Quaternary  amine  derivatives  of  nicotinic  ligands  represent  a  novel  mechanistic 
approach  to  developing  analgesic  agents  with  reduced  dependence  liability  and  other  central  side 
effects.  [Supported  in  part  by  DA-05274  and  BTG  International] 


INDUCTION  OF  APOPTOSIS  BY  BACTERIA  THAT  PRODUCE  PORE  FORMING  TOXINS. 
M.  Dougherty  &  L.  Ameen,  Dept,  of  Biol.,  Mary  Washington  Col.  Fredericksburg,  VA  22401. 
Apoptosis  in  eucaryotic  cells  is  induced  after  exposure  to  bacterial  toxins.  Both  Staphylococcus 
aureus  alpha  toxin  and  streptolysin  O  induce  apoptosis  through  the  formation  of  pores  in  the  cell 
membrane.  ME- 180  cervical  cancer  cells  and  HGF-1  human  gingival  fibroblasts  were  exposed  to 
each  of  the  toxins.  Apoptosis  was  detected  by  DNA  fragmentation.  The  results  suggest  S.  aureus 
alpha  toxin  has  the  same  toxicity  in  both  cell  lines.  Often  cancer  cells  have  a  reduced  ability  to 
undergo  apoptosis.  However,  the  data  suggest  the  apoptotic  mechanism  induced  through  pore 
formation  is  not  a  mechanism  affected  in  the  transformed  ME- 180  cancer  cells.  Streptolysin  O 
caused  more  apoptosis  in  ME- 180  cells  than  in  the  HGF-1  fibroblasts.  It  is  known  that  streptolysin  O 
forms  larger  pores.  The  results  ftirther  suggest  that  increasing  the  dose  of  alpha  toxin  has  no 
additional  effect. 


FAAH  -/-  MICE  EXHIBIT  A  CBl -MEDIATED  ANALGESIC  RESPONSE.  C.C.  Shelton.  T.M. 
Advani,  and  A.H.  Lichtman,  Dept,  of  Pharmacology  and  Toxicology,  Virginia  Commonwealth 
University,  Richmond,  VA,  23298.  Endocannabinoids  have  been  implicated  in  the  suppression  of 
noxious  stimuli  including  mechanical,  thermal,  inflammatory,  chemical,  and  neuropathic  pain  for 
many  years  (Walker  et  al.,  2002).  One  valuable  tool  used  to  study  this  connection  is  a  fatty  acid 
amide  hydrolase  (FAAH)  knockout  mouse  model.  The  enzyme  FAAH  is  believed  to  be  responsible 
for  degrading  FAAs  in  vivo,  which  participate  in  the  modulation  of  the  nervous  system  (Lichtman  et 
ah,  2002).  These  knockout  mice  possess  increased  levels  of  endogenous  brain  lipids  such  as  N- 
arachidonoyl  ethanolamine,  or  anandamide,  while  also  exhibiting  a  subdued  pain  response  (Cravatt  et 
al.,  2001).  Anandamide  has  analgesic  properties  and  is  the  only  FAA  that  binds  to  the  cannabinoid 
brain  (CBl)  receptor  (Lichtman  et  ai,  2002).  Here  it  is  shown  that  FAAH  -/-  mice  display  a 
phenotypic  analgesic  response  in  numerous  pain  models.  Moreover,  the  fact  that  administration  of 
the  CBl  receptor  antagonist,  SR141716A  normalizes  pain  responsivity  in  the  FAAH  -/-  mice  suggests 
that  this  phenotype  is  CB 1  receptor  mediated.  Collectively,  these  findings  suggest  the  possibility  that 
inhibitors  targeting  FAAH  could  potentially  be  developed  clinically  to  treat  pain. 


THE  EFFECTS  OF  IL-8  ON  RAT  SMOOTH  MUSCLE  CELL  PROLIFERATION  AND 
MIGRATION,  A.  Rollins  &  K.  Loesser,  Dept,  of  Biol,  Mary  Washington  Col.  Fredericksburg,  VA 
22401.  Atherosclerosis  involves  the  recruitment  of  many  cells  and  factors,  including  smooth  muscle 
cells.  Previous  research  has  suggested  that  interleukins  play  a  role  in  the  migration  and  proliferation 
of  smooth  muscle  cells  during  plaque  formation.  The  hypothesis  tested  in  this  experiment  was  that 
IL-8  would  increase  smooth  muscle  cell  migration  and  proliferation.  Cells  were  grown  for  4  or  7  days 
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with  and  without  IL-8  and  counted  to  assess  proliferation.  Both  a  high  (100  ng/mL)  and  a  low  (50 
ng/mL)  concentration  of  IL-8  caused  an  increase  in  cell  number  over  cells  grown  in  control  media.  A 
Boyden  migration  chamber  was  used  to  determine  that  both  concentrations  of  IL-8  increased  cell 
migration,  as  compared  with  the  control.  Further  studies  investigating  the  role  of  interleukins  on 
smooth  muscle  cell  actions  during  atherosclerotic  lesion  formation  would  be  helpful  in  determining 
the  specific  role  of  11-8  in  the  atherosclerotic  process. 


ADRENOMEDULLIN;  TREATMENT  FOR  CARDIAC  HYPERTROPHY?.  S.  Breeding  &  K. 
Loesser,  Dept,  of  Biol.,  Mary  Washington  Col.  Fredericksburg,  VA  22401.  Right  ventricular  heart 
failure  occurs  when  the  blood  is  not  pumped  to  the  lungs  as  fast  as  it  returns  from  the  systemic  veins. 
In  an  attempt  to  counteract  the  inadequate  pumping  in  these  conditions,  the  heart  becomes 
hypertrophic,  so  that  it  can  contract  with  more  strength  to  produce  a  greater  cardiac  output.  Over  time, 
the  heart  chamber  increases  in  size  and  the  muscular  wall  becomes  very  thick.  Adrenomedullin  has 
been  shown  to  be  present  in  this  type  of  hypertrophy,  and  the  suggestion  is  that  it  has  a  protective 
effect,  but  the  exact  role  of  the  hormone  is  unknown.  In  this  experiment,  a  modification  of  an  existing 
model  for  the  study  of  this  hormone  was  developed.  cAMP  levels  were  measured  in  the  blood  and 
heart  tissue  because  it’s  accumulation  has  been  linked  to  an  increase  in  the  hormone  adrenomedullin. 
Rats  were  sacrificed  after  30  or  60  days  following  ligation  or  sham-operation,  the  blood  was  collected 
by  cardiac  puncture  and  the  heart  and  lungs  removed  and  weighed.  No  significant  differences  were 
observed  in  cAMP  levels  between  any  of  the  tissue  samples.  However,  hypertrophy  was  evident  in 
both  the  30  and  60  day  post-ligation  hearts  compared  to  sham-operated  controls.  The  model  seems  to 
work  well  and  studies  are  underway  to  increase  the  numbers  of  operated  animals  and  improve  the 
assay  for  measuring  cAMP  in  an  attempt  to  clarify  adrenomedullin’ s  role  in  cardiac  hypertrophy. 


VITAMIN  B  AND  PLASMA  HOMOCYSTEINE:ATHEROSCLEROTIC  EFFECTS.  E.  Davis  &  K. 
Loesser,  Dept,  of  Biol.,  Mary  Washington  Col.  Fredericksburg,  VA  22401.  The  effect  of  decreasing 
plasma  homocysteine  concentration  on  the  development  of  occlusive  atherosclerotic  plaques  was 
studied  in  14  hyperlipidimic  mice  (strain  C57BL/6J,  Jackson  Labs,  Maine).  Two  groups  of  five  mice 
were  fed  high  fat  diets  with  one  group  receiving  supplements  of  vitamins  B^,  B,2,  and  folate.  The  last 
group  of  four  mice  was  fed  a  non-supplemented  regular  diet.  It  was  thought  that  the  B-vitamin 
supplementation  would  decrease  the  plasma  homocysteine  concentration  thus  reducing  vascular 
occlusion  due  to  atherosclerosis.  After  sixteen  weeks  of  treatment  the  total  serum  cholesterol  and 
triglyceride  levels  were  measured  as  well  as  the  amount  of  occlusion  in  the  abdominal  aorta  and  the 
vessels  of  the  heart.  Plasma  homocysteine  levels  were  unable  to  be  measured  due  to  lack  of  sufficient 
serum.  It  was  found  that  the  high  fat  diet  group  had  the  largest  amount  of  vascular  occlusion  as  well 
as  the  highest  cholesterol  and  triglyceride  levels,  although  the  measured  differences  were  not 
significant.  The  results  of  this  study  suggest  that  B-vitamins  do  play  a  role  in  decreasing  vascular 
occlusion.  It  was  not  determined  whether  the  role  B-vitamins  play  in  decreasing  occlusion  is  due  to  a 
lowered  homocysteine  concentration.  The  results  of  this  study  indicate  that  B-vitamin 
supplementation  may  be  a  useful  tool  in  combating  cardiovascular  disease. 


NOVEL  5-HT5A  RECEPTOR  LIGANDS.  N.  Khorana'.  M.  Dukat',  M.  Teitler  &  R.A.  Glennon', 
'Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  university,  Richmond,  VA  23298  and 
^Department  of  Pharmacology,  Albany  Medical  College,  Albany,  NY  12208.  The  S-HTj  receptor 
subfamily  was  discovered  in  1992  and  the  pharmacological  and  biochemical  mechanisms  of  this 
receptor  are  still  unclear  due  to  a  lack  of  selective  ligands.  S-HTj  receptors  are  believed  to  play  a  role 
in  migraine,  psychiatric  disorders,  and  learning  ability.  There  are  two  subtypes  of  S-HTj  receptors  but 
only  S-HTja  receptors  exist  in  humans.  g-Carboline  derivatives  were  identified  as  novel  ligands  for  5- 
HTja  (and  5-HT2)  receptors,  their  structure-affinity  relationships  were  investigated,  CoMFA  studies 
were  conducted,  and  a  working  pharmacophore  model  for  the  binding  of  carbolines  at  S-HTj^ 
receptors  was  formulated.  There  was  a  significant  correlation  (r  =  0.9)  for  the  binding  of  y-carboline 
derivatives  at  mS-HTj^  and  /zS-HTj^  receptors.  However,  there  was  a  poor  correlation  between  5- 
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HTja  and  S-HTj  receptor  affinity;  hence,  it  should  be  possible  to  improve  their  selectivity.  In 

this  study  we  have  identified  several  y-carboline  analogs  as  novel  receptor  ligands. 


CANNABINOID  AND  OPIOID  RECEPTOR  FUNCTION  IN  ARTHRITIC  AND  NON- 
ARTHRITIC  RAT  BRAIN.  D.L.  Cichewicz,  S.P.  Welch  and  L.J.  Sim-Selley,  Dept,  of 
Pharmacology/Toxicology,  Virginia  Commonwealth  University,  Richmond,  VA  23298.  Freund’s 
adjuvant-treated  rats  develop  polyarthritis,  yielding  an  animal  model  of  chronic  pain  and 
inflammation.  Arthritic  rats  show  an  alteration  in  the  effects  of  opioid  receptor  agonists  and 
antagonists,  as  well  as  an  increase  in  spinal  endogenous  opioids  released  by  the  administration  of  the 
cannabinoid  delta  9-THC.  Thus,  it  is  possible  that  functional  alterations  in  the  opioid  and 
cannabinoid  systems  may  result  from  the  induction  of  chronic  pain.  We  used  the  [^^tSjGTPyS 
autoradiographic  assay  to  assess  basal  opioid  and  cannabinoid  receptor  stimulation  in  untreated 
arthritic  and  non-arthritic  rat  brain  slices.  The  opioid  receptor  agonist  DAMGO,  the  CBl  receptor 
agonist  WIN  55,212-2  and  the  ORE  receptor  agonist  orphanin  FQ  all  acted  as  full  agonists  in  the 
assay,  producing  significant  stimulation  of  G-protein  activation  as  compared  to  unstimulated  controls. 
However,  there  were  no  differences  observed  in  opioid-  or  cannabinoid-stimulated  G-protein 
activation  between  arthritic  and  non-arthritic  brain  areas  studied,  including  the  striatum,  thalamus  and 
periaqueductal  gray.  Thus,  it  seems  that  at  the  G-protein  level,  there  are  no  chronic  deficits  in  the 
ability  of  these  receptors  to  be  stimulated  after  induction  of  arthritis. 


Natural  History  &  Biodiversity 

ESSENTIAL  OILS  IN  SUBTERRANEAN  TERMITE  BAITS.  Laura  K.  Baron  &  Deborah  A. 
Waller,  Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  VA  23529.  Little  is  known  of  the  feeding 
habits  of  subterranean  termites,  which  are  important  pests  in  urban  habitats.  Effective  termite  control 
using  baiting  technology  relies  on  the  identification  of  chemicals  that  attract  or  repel  termite  foragers. 
In  the  present  study,  we  examined  the  responses  of  the  subterranean  termites  Reticulitermes  flavipes 
(three  colonies)  and  R.  virginicus  (two  colonies)  to  five  essential  oils.  For  each  of  the  five  colonies, 
there  were  two  experimental  units  per  oil.  Each  unit  consisted  of  a  central  59  ml  cup  attached  by 
straws  to  four  similar  cups  (two  control  and  two  treatment).  Each  cup  was  filled  with  30  ml  sterilized 
sand  saturated  with  10  ml  deionized  water.  Treatment  cups  included  a  6  ml  diam  circle  of  tissue 
paper  with  a  drop  of  essential  oil,  and  control  cups  had  untreated  tissue  circles.  Nine  termite  workers 
and  one  soldier  were  added  to  each  central  cup.  For  four  of  the  oils,  several  termites  entered  treatment 
cups  and  died  there.  For  one  of  the  oils,  most  of  the  termites  entered  the  treatment  cup  and  remained 
there  alive  but  not  feeding.  All  of  these  oils  show  promise  for  use  in  attractive  but  lethal  baits. 

BIODIVERSITY  OF  MITE  INHABITANTS  OF  THE  FLUID-FILLED  PITCHERS  OF 
NEPENTHES  IN  BRUNEI,  NORTHERN  BORNEO.  N.  J.  Fashing,  Dept,  of  Biol.,  Col.  of  William 
&  Mary,  Williamsburg,  VA  23187.  The  pitchers  of  Nepenthes  not  only  capture  and  digest  arthropods, 
but  also  harbor  arthropod  communities  representing  several  trophic  levels.  Because  they  are  easily 
manipulated.  Nepenthes  pitchers  provide  excellent  model  microcosms  that  are  currently  used  to  test 
community  theory.  Although  an  understanding  of  the  roles  all  resident  species  play  is  essential  for  a 
total  understanding  of  food  webs  and  community  dynamics,  mite  inhabitants  are  usually  ignored  even 
though  they  usually  occur  in  large  numbers.  This  is  undoubtedly  due  to  small  size  and  a  lack  of 
knowledge  of  their  biology  and  systematics.  Until  this  study,  only  four  species  had  been  described.  A 
cursory  examination  of  six  Nepenthes  species  in  Brunei  revealed  not  only  mite  species  belonging  to 
two  existing  genera  in  the  family  Histiostomatidae,  but  also  species  from  three  additional  and  as  yet 
undescribed  genera.  In  addition,  a  sixth  genus,  Naiadacarus  (family  Acaridae),  was  observed.  The 
exact  number  of  species  is  not  yet  determined,  but  12  is  a  conservative  estimate.  While  some  mite 
species  are  generalists  inhabiting  several  Nepenthes  species,  others  are  confined  to  a  single  species.  I 
examined  only  six  species  of  Nepenthes,  but  to  date  over  80  have  been  described.  Numerous 
undescribed  species  of  Nepenthes-ir^dh'Ning  mites  undoubtedly  exist. 
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ANT  SPECES  COLLECTED  IN  MALAISE  TRAPS  IN  BURNED  AND  UNBURNED  AREAS  IN 
A  LONGLEAF  HABITAT.  Deborah  A.  Waller,  Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  VA 
23529.  Malaise  traps  are  tent-like  structures  that  are  typically  used  to  capture  flying  insects. 
However,  ground-dwelling  arthropods  sometimes  crawl  into  the  traps  as  well.  In  the  present  study,  I 
examined  the  worker  ants  that  were  collected  in  four  malaise  traps  at  the  Blackwater  Ecological 
Preserve  (BEP)  in  southeastern  Virginia.  Areas  of  BEP  are  subjected  to  prescribed  bums  to  maintain 
the  longleaf  pine  habitat,  which  is  fire-dependent.  Two  traps  were  established  in  sites  burned  the 
previous  year  in  2001  (B1  &  B2),  with  two  additional  traps  in  never-burned,  control  sites  (Cl  &  C2). 
Ants  were  identified  from  traps  collected  in  April  and  May  2002.  Fifteen  ant  species  were  collected, 
with  similar  numbers  of  species  from  burned  and  control  sites  (Bl=  7,  B2=7,  Cl =10,  C2=8).  Several 
arboreal  species,  including  Leptothorax  shaumi  and  three  Camponotus  species  that  are  rarely 
collected  from  the  ground  were  recovered  from  the  traps.  Therefore,  malaise  traps  may  be  an 
effective  method  of  sampling  the  arboreal  ant  fauna. 


AN  EVALUATION  OF  ADULT  FRESHWATER  MUSSELS  HELD  IN  CAPTIVITY  AT  THE 
WHITE  SULPHUR  SPRINGS  NATIONAL  FISH  HATCHERY.  Julie  L.  Boyles  &  Richard  J.  Neves. 
Department  of  Fisheries  and  Wildlife  Sciences,  Virginia  Polytechnic  Institute  and  State  University, 
Blacksburg,  VA  24061 .  Due  to  the  increasing  need  to  provide  refugia  to  freshwater  mussels  impacted 
by  anthropogenic  activities  and  exotic  species,  facilities  and  protocols  need  to  be  identified  and 
developed  for  safely  holding  mussels  in  captivity.  For  nearly  eight  years  White  Sulphur  Springs 
National  Fish  Hatchery,  White  Sulphur  Springs,  WV  has  served  as  a  refuge  and  home  to  freshwater 
mussels.  The  location  of  the  hatchery  in  the  Ohio  River  Basin  and  its  proximity  to  the  Upper 
Tennessee  River  Basin,  both  home  to  numerous  declining  and  imperiled  mussel  species,  provides 
potential  for  it  to  become  an  important  refuge  and  propagation  facility  for  freshwater  mussels.  This 
study  is  being  conducted  to  determine  the  feasibility  of  using  the  hatchery  as  a  refiigium  for  adult 
freshwater  mussels  compromised  by  zebra  mussels,  and  to  sustain  broodstock  of  threatened  and 
endangered  species  for  propagation.  Three  species  of  freshwater  mussels,  Actinonaias  ligamentina 
(Mucket),  Tritogonia  verrucosa  (Pistol  grip),  and  Cyclonaias  tuberculata  (Purple  wartyback),  from 
the  New  River  drainage  were  relocated  in  June  of  2001  to  a  re-circulating  pond  system  at  the 
hatchery.  Commercial  Nitrate  and  Phosphate  fertilizers  were  added  to  the  pond  system  to  increase 
algal  content.  To  assess  food  availability,  water  samples  were  collected  periodically  and  analyzed  for 
algal  density  and  composition.  Mantle  tissue  was  collected  from  a  sample  of  individuals  of  each 
mussel  species  approximately  every  two  months.  Glycogen  content  in  the  collected  mantle  tissue  was 
compared  over  a  period  of  one  year  to  glycogen  content  in  mantle  tissue  of  mussels  from  the  wild 
populations.  Preliminary  data  show  a  significant  difference  at  1  sample  event  for  Mucket  and  1 
sample  event  for  Purple  Wartyback  between  the  control  mussels  in  the  river  and  the  relocated  mussels 
at  the  hatchery.  The  continuation  of  this  study  will  include  comparisons  of  lipid  content,  protein 
content,  and  gametogenesis  of  mussels  from  the  hatchery  to  those  from  the  wild  populations. 

OCCURRENCE  OF  FRESHWATER  CRABS  SPECIES  {POTAMON,  BRACHYURA) 
RELATP/E  TO  LOTIC  STREAM  FACTORS  IN  GREECE.  Eugene  G.  Maurakisl>2.  David  V. 
Grimes^,  Lauren  McGovern^,  &  Peter  J.  Hogarth^,  1  Science  Museum  of  Virginia,  2500  W.  Broad 
St.,  Richmond,  VA  23220  USA,  ^Biology  Dept.  UR,  Richmond,  VA  23173,  ^University  of  York. 
Objectives  are  to  present  current  distributions  of  species  of  Potamon  in  Greece,  and  evaluate  effects 
of  stream  order  and  distance  from  mouth  of  river  on  distributions  of  the  species  in  river  drainages  in 
the  country.  We  present  new  records  of  Potamon  fluviatile  in  the  Kalamas,  Aheron,  and  Arachthos 
river  drainages  in  southwestern  mainland  Greece;  and  in  the  Pinios,  Piros-Tethreas,  Pamisos,  and 
Evrotas  drainages  in  Peloponnesos,  Greece.  Average  crab  occurrence  (average  =  0.26)  at  lower  river 
km  (range  =  0-150  km)  was  significantly  greater  than  that  (0)  at  higher  river  km  (range  =  151-450 
km).  Likewise,  average  crab  occurrence  (average  =  0.26)  in  lower  stream  orders  (F‘  and  2"^*)  was 
significantly  greater  than  that  (0)  at  higher  stream  orders  (4*  and  5“^).  Water  temperature  may  be 
involved  in  limiting  crab  distributions  in  rivers  as  lower  temperatures  were  correlated  with  greater 
distances  from  river  mouth  where  fewer  crabs  were  encountered.  Funded  by  T.  F.  Jeffress  and  K. 
Miller  Jeffress  Memorial  Trust,  Science  Museum  of  Virginia,  and  University  of  Richmond. 
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PREDICTING  FISH  SPECIES  DIVERSITY  IN  LOTIC  FRESHWATERS  OF  GREECE.  Eugene  G. 
Maurakis.  Science  Museum  of  Virginia,  2500  W.  Broad  St.,  Richmond,  VA  23220  and  David  V. 
Grimes,  School  of  Continuing  Studies,  UR,  Richmond,  VA  23173.  Objectives  were  to  test  the 
hypothesis  that  stream  order  and  stream  width  account  for  species  diversity  in  drainages  of  Greece, 
and  create  a  mathematical  model  to  predict  fish  diversity.  Thirty-eight  species  of  fishes  representing 
12  families  were  collected  in  five  stream  orders  (1,  2,  3,  4,  and  5)  from  16  river  drainages  in  Greece 
from  2000-2002.  Results  of  stepwise  regression  indicated  that  stream  order,  elevation,  stream  depth, 
and  river  km  were  significant  factors  associated  with  ichthyofaunal  diversity.  These  variables  and  the 
regression  intercept  were  used  to  create  a  mathematical  model  to  predict  species  diversity  per  stream 
order  in  fi*eshwater  lotic  environments  in  Greece.  We  conclude  that  geo-specific  factors  (i.e.,  isolated 
and  small  river  drainages  with  limited  water  budgets,  geological  history,  dry  climate)  need  to  be 
included  in  the  EEA  monitoring  design  for  lotic  waters  in  the  harsh  environments  of- southern 
Mediterranean  countries  as  these  features  differ  significantly  from  those  of  central,  eastern,  and 
northern  European  countries  with  larger  watersheds.  Funded  by  T.  F.  Jefifess  and  K.  Miller  Jeffress 
Memorial  Trust,  Science  Museum  of  Virginia  and  UR. 

SEXUAL  AND  SEASONAL  VARIATIONS  OF  MERCURY  IN  SMALLMOUTH  BASS 
(MICROPTERUS  DOLOMIEU)  FROM  THE  SOUTH  FORK  SHENANDOAH  RIVER,  VIRGINIA. 
Gregory  W.  Murphy.  Tammy  J.  Newcomb  &  Donald  J.  Orth,  Department  of  Fisheries  &  Wildlife 
Sciences,  Virginia  Polytechnic  Institute  &  State  University,  Blacksburg,  VA  24061 .  Smallmouth  bass 
were  collected  from  the  South  Fork  Shenandoah  River,  Virginia  during  three  sampling  periods  in 
2002:  spring  (April  1 1);  summer  (July  17);  and  fall  (October  1).  Total  mercury  concentrations  ranged 
from  0.38  to  1.38  ppm.  Mean  mercury  concentrations  adjusted  for  total  length  were  significantly 
different  between  males  and  females  {P  =  0.0158)  and  nearly  significant  between  seasons  (P  = 
0.0516).  Female  smallmouth  bass  consistently  had  higher  mean  mercury  concentrations  adjusted  for 
total  length  than  males.  In  addition,  mean  mercury  concentrations  adjusted  for  total  length  were 
highest  in  the  spring  for  both  male  and  female  smallmouth  bass.  These  results  suggest  that  natural 
resource  managers  that  oversee  mercury  monitoring  programs  may  want  to  assess  mercury 
concentrations  in  smallmouth  bass  during  standardized  sampling  periods  and  record  sex  of  fish  so  that 
data  can  be  more  accurately  compared  among  water  bodies  and  tracked  over  time. 

PROPAGATION  AND  CULTURE  OF  ENDANGERED  JUVENILE  FRESHWATER  MUSSELS 
IN  THE  BIG  SOUTH  FORK  CUMBERLAND  RIVER.  Rachel  Mair'.  Jess  Jones',  Richard  J. 
Neves',  Steve  AhlstedC,  &  Steve  Bakaletz^.  'Freshwater  Mollusk  Conservation  Center,  Department 
of  Fisheries  and  Wildlife  Sciences,  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg, 
VA  24061.  ^U.S.  Geological  Survey,  Knoxville,  TN  37921.  ^National  Park  Service,  Oneida,  TN 
37841.  Historically,  the  Big  South  Fork  Cumberland  River  supported  at  least  50  mussel  species;  26 
species  remain,  to  include  five  federally  listed  species.  A  cooperative  effort  between  National  Fish 
and  Wildlife  Foundation,  Tennessee  Wildlife  Resource  Agency,  United  States  Fish  and  Wildlife 
Service,  United  States  Geological  Survey,  National  Park  Service,  and  Virginia  Tech  was  initiated  to 
propagate  endangered  mussels  in  the  Big  South  Fork  Cumberland  River  National  Recreation  Area. 
The  goal  of  this  2-year  project  is  to  assess  the  feasibility  of  restoring  and  augmenting  existing 
populations  of  endangered  mussels  species  in  this  national  park.  Because  of  high  richness  and 
endemism  of  mussel  species,  this  watershed  is  of  national  significance  to  conservation  of  mussel 
resources  in  the  United  States.  In  2002,  juvenile  mussels  of  4  federally  endangered  species  were 
produced  and  cultured  at  Virginia  Tech  for  release  in  the  river:  tan  riffleshell,  Epioblasma  florentina 
walked  (4,654),  Cumberland  bean,  Villosa  trabalis  (l,174),Cumberland  combshell,  Epioblasma 
brevidens  (36,466),  and  little-wing  pearlymussel,  Pegias  fabula  (569).  Juveniles  were  typically  2-3 
wk  old  at  the  time  of  their  release,  although  some  were  as  old  as  6  mo  The  results  of  recent  surveys  in 
the  river  have  documented  viable  populations  of  these  endangered  mussel  species,  which  can  now 
serve  as  broodstock  to  restore  other  rivers  in  the  Cumberland  River  drainage  system. 
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Psychology 

FRAMES  OF  MIND:  GENDER  AND  RESPONSE  TO  SEXUAL  AND  EMOTIONAL 
INFIDELITY.  Lauren  S.  Egbert  &  Heather  M.  Niesman.  Dept,  of  Psych.,  Washington  and  Lee  Univ., 
Lexington,  VA,  24450.  Are  there  gender  differences  in  response  to  the  perceived  sexual  and 
emotional  infidelity  of  a  romantic  partner,  and  are  these  responses  affected  by  priming  subjects  with 
video  clips?  Subjects  were  presented  with  one  of  three  short  video  clips  (containing  an 
emotional/sexual/neutral  scene),  and  then  they  completed  a  survey  which  asked  them  to  indicate  if  the 
sexual  infidelity  of  a  partner  or  the  emotional  infidelity  of  a  partner  would  distress  them  more.  The 
subjects  read  detailed  scenarios  involving  the  infidelity  of  a  romantic  partner,  and  were  then  asked  to 
indicate  their  level  of  various  emotions.  Female  subjects  indicated  greater  distress  when  faced  with 
the  emotional  infidelity  of  a  partner.  Male  subjects  indicated  approximately  equal  levels  of  distress  for 
both  emotional  and  sexual  infidelity,  however  males  were  more  upset  than  females  by  the  sexual 
infidelity  of  a  partner.  Priming  with  video  clips  did  had  an  effect  on  participant  responses  regardless 
of  gender.  Subjects  primed  with  sexual  video  clips  tended  to  be  more  distressed  by  emotional 
infidelity  than  the  other  two  priming  groups.  Subjects  primed  with  emotional  video  clips  were  least 
upset  by  emotional  infidelity  and  the  neutral  priming  group  fell  somewhat  in  the  middle. 


ATTRIBUTIONS  OF  MEMORY  FAILURES.  Julia  E.  Fitzer.  Ryan  M.  Clements,  &  Elise  E.  Judd, 
Dept,  of  Psychology,  Washington  and  Lee  University,  Lexington  VA  24450.  Past  research  has 
suggested  that  memory  failures  in  the  elderly  may  be  mediated  by  social  and  cognitive  factors  as 
much  as  biological  factors.  The  present  experiment  extends  a  vignette-rating  paradigm  of  examining 
stereotypes.  College-age  and  elderly  participants  read  vignettes  about  forgetful  targets  whose  age 
varied  within-subjects  and  then  rated  the  targets’  control  over  their  memory  performance.  Elderly 
targets  received  lower  control  ratings.  College  students,  compared  to  elderly  participants,  viewed 
memory  loss  over  time  as  less  controllable,  but  tended  to  view  targets  as  more  independent  in 
memory  performance.  Participants  viewed  the  target  of  their  own  age  group  as  less  likely  than  the 
other  target  to  view  the  memory  failure  as  an  indicator  of  Alzheimer’s  disease  pathology.  Participants 
also  viewed  the  target  of  their  own  age  group  as  having  more  independence  than  the  other  target. 
Ratings  of  the  targets’  present  memory  ability  were  not  affected  by  stereotypes. 


INCREASING  INTRINSIC  MOTP/ATION  FOR  CLASSROOM  LEARNING  BY  ELEMENTARY 
AND  COLLEGE  STUDENTS.  M.  C.  Mazza.  E.  G.  Small,  &  H.  M.  Niesman,  Department  of 
Psychology,  Washington  and  Lee  University,  Lexington  VA  24450.  This  study  sought  to  simulate  the 
classroom  experience  and  investigate  motivation  towards  learning  in  college  students,  4th  graders, 
and  2"^*  graders  as  influenced  by  verbal  feedback  from  a  teacher  figure,  the  presence  of  peers,  and  the 
subject’s  own  beliefs.  The  experiment  involved  four  trials  with  easy  or  difficult  symbol  marking 
problems  in  the  presence  or  absence  of  praise,  encouragement,  or  general  feedback.  A  free  time 
period  absent  the  experimenter  allowed  for  further  attempts  on  the  tasks  or  the  reading  of  magazines. 
Modified  versions  of  Harter’s  scale  of  intrinsic  versus  extrinsic  orientation  in  the  classroom  and 
Kelly’s  survey  of  preference  for  praise  or  encouragement  were  administered.  A  separate  survey 
evaluated  affective  responses  to  the  experiment,  goals  in  learning,  and  failure  attributions.  College 
students  responded  best  in  the  difficult  task  after  receiving  praise  in  an  earlier  easy  task  as  opposed  to 
receiving  encouragement  or  general  feedback.  For  second  graders,  encouragement  in  an  easy  trial 
produced  the  best  performance  in  the  easy  trial  and  the  best  in  returning  to  an  easy  trial  after  a  hard 
trial.  Results  of  the  surveys  were  discussed  in  terms  of  grade  level  and  implications  for  further 
research. 


THE  RELATIONSHIP  BETWEEN  ILLICIT  DRUGS  AND  NOVELTY-SEEKING, 
NEUROTICISM  AND  EXTRAVERSION:  A  TWIN  MODELING  APPROACH.  Arpana  Aerawal. 
Kristen  C.  Jacobson,  Carol  A.  Prescott  &  Kenneth  S.  Kendler,  Virginia  Institute  of  Psychiatric  and 
Behavioral  Genetics,  VCU,  Richmond,  VA  23298-0003.  Several  studies  have  implicate  the  role  of 
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personality  measures  such  as  novelty-seeking,  extraversion  and  neuroticism  in  drug  use  and 
abuse/dependence.  These  dimensions  of  personality  are  proposed  as  risk  factors  for  an  individual’s 
drug  habit.  The  goal  of  this  analysis  was  to  decompose  sources  of  variance  using  a  cholesky 
decomposition  and  estimate  the  amount  of  genetic  and  environmental  overlap  between  factors 
influencing  personality  and  illicit  drug  use  and  abuse/dependence.  Using  data  from  1921  female  twins 
from  the  Mid-Atlantic  Twin  Registry,  we  used  the  structural  equation  modeling  package  Mx  to 
perform  a  cholesky  decomposition  for  each  personality  measure  for  drug  use  and  abuse/dependence. 
The  results  suggested  that  novelty-seeking  was  phenotypically  most  closely  related  to  illicit  drug  use. 
In  all  cases,  the  phenotypic  relationship  was  moderate.  Across  all  the  personality  measures,  genetic 
factors  accounted  for  the  major  proportion  of  the  total  covariance.  The  correlation  was  significantly 
diminished  for  abuse/dependence. 


AN  INTERVENTION  TO  INCREASE  SAFETY  BELT  USAGE  AMONG  COLLEGE 
STUDENTS.  C.S.  Shier.  K.L.  Hebert  &  B.E.  Porter,  Department  of  Psychology,  Old  Dominion 
University,  Norfolk,  VA  23529.  The  purpose  of  this  study  was  to  find  an  intervention  to  increase 
safety  belt  use  and  to  find  out  who  the  focus  group  is  for  future  research.  The  researcher  desired  to 
observe  if  demographics  had  an  effect  on  the  difference  of  safety  belt  usage.  The  researcher  was  also 
interested  in  finding  if  people  were  more  willing  to  wear  their  safety  belts  if  they  made  a  commitment 
for  a  certain  period  of  time  to  do  so.  The  data  was  collected  from  three  different  locations  at  different 
times  of  the  day.  Research  assistants  observed  a  sample  of  drivers  at  a  southeastern  university,  and 
the  research  assistants  found  significant  differences  in  gender  and  vehicle  type  for  the  use  of  safety 
belts,  however  there  was  no  significant  difference  in  safety  belt  usage  before  and  after  the  intervention 
of  recruiting  participants. 


THE  EFFECTS  OF  WORKLOAD  AND  LEADERSHIP  SYTLE  ON  TASK  PERFORMANCE 
AND  CO-PILOT  SATISFACTION.  Corev  K.  Fallon  &  James  P.  Bliss,  Dept,  of  Psych.,  Old 
Dominion  Univ.,  Norfolk  VA  23505.  Previous  research  has  indicated  that  the  majority  of  human 
errors  made  in  the  cockpit  are  the  result  of  a  break  down  in  the  transfer  of  information.  This  study 
examines  the  problem  by  manipulating  communication  through  leadership  style  and  studying  its 
effects  on  performance  and  satisfaction  under  conditions  of  high  and  low  workload.  The  participants 
in  this  study  were  ODU  psychology  students  and  they  performed  the  study  in  pairs.  The  roles  of  pilot 
and  copilot  were  randomly  assigned  to  participants  in  each  dyad.  Dyad’s  team  performance  was  then 
measured  on  a  secondary  alarm  response  task.  Next,  surveys  were  administered  to  collect  data  on 
copilot’s  worker  satisfaction  during  the  experimental  session.  Statistical  analysis  of  the  data  revealed 
that  dyads  in  the  low  workload  condition  reacted  to  the  alarms  significantly  faster  (p<.025).  These 
results  may  be  of  practical  importance  to  cockpit  designers  by  showing  that  slow  reaction  time  due  to 
an  unreliable  system  may  be  exacerbated  by  levels  of  high  mental  workload.  The  results  also  indicate 
that  copilots  were  significantly  more  satisfied  when  working  in  the  participative  condition  (p<.01). 
This  finding  is  important  because  copilot  dissatisfaction  could  have  negative  long-term  effects  on 
flight  crew  performance. 


THE  RELATIONSHIP  BETWEEN  CULTURAL  DIVERSITY  AND  SUCCESS  OF  GLOBAL 
VIRTUAL  TEAMS.  Katherine  A.  Selgrade  &  Donald  D.  Davis,  Dept,  of  Psyc.,  Old  Dominion 
Univ.,  Norfolk,  VA  23508.  The  working  environments  of  today  are  growing  increasingly  diverse, 
they  are  experiencing  more  use  of  work  teams,  and  advanced  technology  has  provided  opportunities 
for  these  teams  to  be  Global  Virtual  Teams  (GVTs).  The  purpose  of  this  secondary  data  analysis  was 
to  determine  what  type  of  correlation  exists  between  cultural  diversity  of  GVTs  and  overall  success  of 
the  teams,  and  how  cultural  diversity  training  related  to  this  correlation.  Cultural  diversity  was 
examined  using  measures  of  the  teams’  cultural  complexity.  Managers  of  forty-three  GVTs  from  four 
multinational  firms  were  interviewed  with  closed  and  open-ended  questions.  Results  of  four 
hierarchical  multiple  regressions  indicated  that  cultural  diversity  training  was  significantly  positively 
related  to  team  effectiveness,  satisfaction,  and  overall  success,  but  not  team  commitment.  Also,  after 


104 


VIRGINIA  JOURNAL  OF  SCIENCE 


controlling  for  cultural  diversity  training,  relative  cultural  complexity  measures  that  were  calculated 
using  scores  from  individualism  and  power  distance  scales  were  significantly  related  to  team 
commitment  and  overall  success,  only.  Discussion  focused  on  possible  directions  of  future  research 
and  limitations  of  the  study. 


BELONGING  AND  CONTRIBUTING:  VALIDATION  OF  AN  INCLUSION  MEASURE.  L.M. 
Germano.  D.A.  Major,  T.D.  Fletcher,  S.M.  Clarke,  &  R.A.  Cardenas,  Department  of  Psychology,  Old 
Dominion  University,  Norfolk,  VA  23529-0267.  Promoting  diversity  in  the  workplace  is  no  longer 
sufficient.  Organizations  need  to  harness  the  power  of  diversity  by  creating  inclusive  climates  at 
work.  Inclusive  organizational  climates  involve  all  members  regardless  of  gender,  religion,  race, 
color,  sexual  orientation,  national  origin,  age,  or  physical  ability,  in  the  activities  and  processes  of  the 
organization.  This  study  examined  the  psychometric  properties  of  an  inclusion  construct.  Two 
hundred  forty-four  college  students  completed  a  web-based  survey  that  asked  questions  about  climate 
for  opportunity  and  inclusion  in  the  workplace,  as  well  as  the  antecedents  and  consequences  of  that 
climate.  The  measure’s  content,  face,  convergent,  divergent,  criterion-related,  and  construct  validity 
were  assessed.  Support  for  a  two-dimensional  model  of  inclusion  was  obtained  by  deleting  two 
items. 


RELATIONSHIPS  AMONG  GENDER,  LOCUS  OF  CONTROL,  PREFERRED  NAVIGATION 
STRATEGY,  AND  NAVIGATION  PERFORMANCE.  E.  Carpenter.  C.  Baldwin,  &  H.  Furukawa, 
Department  of  Psychology,  Old  Dominion  University,  Norfolk  VA  23529.  In  Experiment  1,  factor 
analyses  of  two  commonly  used  wayfinding/sense  of  direction  scales  were  conducted  using  data  from 
239  participants.  In  Experiment  2,  sixteen  participants  completed  scales  to  assess  their  preferred 
navigation  (wayfinding)  strategies  and  locus  of  control.  This  was  followed  by  a  driving  simulator 
task  in  which  participants  were  cued  to  search  for  landmarks  and  create  mental  maps  of  the  routes  that 
they  drove.  Questions  related  to  the  landmarks  and  their  cardinal  direction  from  the  start  and 
endpoints  of  the  routes  were  the  navigation  performance  measure.  Results  indicated  significant 
correlations  between  males  and  a  survey  navigation  strategy  (r  =  .46,  p<  .01),  survey  navigation 
strategy  preference  and  performance  (r  =  .39,  p<  .05),  and  no  significant  correlation  between 
navigation  strategy  and  locus  of  control. 


ASSESSING  THE  RELATION  OF  MOVIE  WATCHING  TO  MEMORY  FOR  CHARACTER 
SEX  IN  POSITP/E  AND  NEGATD/E  STORIES.  Lindsay  M.  BoutwelL  Danielle  N.  Taylor,  Janet 
M.  Philips,  Kellea  J.  Hester,  Cheryl  A.  Taylor,  &  Jeffiey  A.  Gibbons,  Dept  of  Psych,  Christopher 
Newport  Univ,  Newport  News,  VA.  This  experiment  examined  the  effect  of  movie  media  on  the 
memory  for  character  sex  in  short  stories.  A  total  of  125  students  from  Christopher  Newport 
University  were  asked  to  read  4  scenarios,  which  were  created  by  crossing  male  and  female  characters 
with  positive  and  negative  actions.  Each  scenario  also  had  a  supporting  character  having  opposite  sex 
of  the  main  character.  After  reading  the  scenarios  and  completing  an  interpolated  task,  the 
participants’  memories  were  evaluated  and  analyzed  for  character  sex  and  story  affect.  The 
participants  were  also  required  to  complete  a  questionnaire  listing  their  4  favorite  television  shows 
and  the  last  4  movies  they  watched,  either  box  office  or  rental.  The  questionnaire  was  designed  to 
determine  if  movies  influenced  the  participants’  memories  of  the  characters  in  the  scenarios.  The 
results  showed  a  trend,  such  that  participants  remembered  character  sex  better  for  male  characters  in 
positive  scenarios  than  female  characters  from  positive  scenarios,  and  this  difference  was  larger  for 
participants  who  watched  recent  movies  with  male  lead  characters  compared  to  participants  who 
watched  recent  movies  with  female  lead  characters. 
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THE  RELATIONSHIP  BETWEEN  HIV  VIRAL  LOAD  AND  ANXIETY  AND  DEPRESSION. 
Schultz.  S.A.'.  Duncan,  P.M.\  &  LaRocco,  A?  (2003).  ’Old  Dominion  University,  Norfolk,  VA  and 
^Eastern  Virginia  Medical  School,  Norfolk,  VA.  Prior  research  has  suggested  that  HIV-infected 
persons  with  high  viral  loads  are  more  likely  to  experience  anxious  and  depressive  symptomology. 
The  present  study  investigated  whether  a  positive  relationship  exists  between  HTV  viral  load  and 
anxiety  and  depression.  Participants  included  90  HIV-infected  persons  and  22  HIV-negative  controls. 
Participants  were  recruited  by  Dr.  Anthony  LaRocco  at  patient  clinics  at  EVMS,  Norfolk,  Virginia. 
After  giving  informed  consent,  participants  completed  the  Hospital  Anxiety  and  Depression  Scale 
(HADS)  and  viral  load  counts  were  obtained  from  medical  records.  A  Pearson’s  r  correlation 
indicated  that  anxiety  and  depression  and  viral  load  have  a  significant  positive  relationship.  The 
researcher  also  investigated  the  effects  of  gender  and  HfV  status  (HIV-negative  or  HIV-positive)  on  a 
measure  of  anxiety  and  depression.  A  2x2  between  subjects  factorial  ANOVA  indicated  Ihat  HIV- 
infected  individuals  experience  significantly  more  anxiety  and  depression  than  HIV-negative  controls. 
Implications  for  improved  treatment  of  HIV  patients’  mental  health  problems  are  discussed. 


EFFECTIVENESS  OF  AN  ONLINE  STRATEGY  FOR  COLLECTING  AND  SCALING 
CRITICAL  INCIDENTS.  Carlotta  M.  Boone’  &  William  O.  DwyeE,  ’Old  Dominion  University, 
Norfolk  VA  23529  and  ^The  University  of  Memphis,  TN  38152.  The  Critical  Incident  Technique 
(CIT)  is  a  well-known  method  for  collecting  job  behaviors.  This  study  investigated  the  efficacy  of  a 
Web-based  strategy  for  generating  critical  incidents  using  an  online  procedure  through  which  police 
supervisors  were  trained  in  the  CIT  and  identified,  categorized,  and  rated  incidents  involving  police 
officers’  behavior.  Results  indicated  that  eleven  supervisors  created  198  critical  incident  statements, 
148  of  which  were  suitable  for  subsequent  categorizing  and  scaling.  Supervisors  later  used  an  online 
survey  to  categorize  each  of  the  statements  with  respect  to  performance  domain  and  rate  each  in  terms 
of  degree  of  effectiveness  and  importance.  Ten  incumbent  officers  also  categorized  and  scaled  the 
statements,  and  results  indicated  that  their  judgments  were  generally  similar  to  those  of  their 
supervisors.  A  total  of  35  of  the  statements  survived  the  consensus  requirements  for  both  groups, 
combined. 


DIFFERENCES  IN  EMOTIONAL  INTELLIGENCE  AND  REASONS  FOR  ENROLLMENT  IN 
COLLEGE  FOR  AMERICAN  AND  INTERNATIONAL  STUDENTS.  Veena  A.  Nair  &  Elaine  M. 
Justice,  Department  of  Psychology,  Old  Dominion  University.,  Norfolk  Va  23508.  This  study 
examined  whether  motivational  factors  for  enrollment  in  college  and  emotional  intelligence,  were 
different  for  American  and  international  college  students.  Forty  international  and  sixty-three 
American  students  were  recruited  through  non-probability  sampling.  Participants  completed  the 
Education  Participation  Scale  (EPS)  and  the  Self-Report  Measure  of  Emotional  Intelligence  (SEI). 
The  overall  MANOVA  showed  significant  differences  between  the  two  groups  on  the  motivational 
factors  for  enrollment  in  college;  the  follow-up  univariate  ANOVAs  were  not  significant.  Independent 
t-test  revealed  no  significant  differences  between  the  two  groups  on  emotional  intelligence.  For  the 
international  students  significant  correlation  was  found  between  emotional  intelligence  and 
professional  advancement  Implications  and  limitations  of  the  study  are  discussed. 


SEXUAL  HARASSMENT  ON  CAMPUS:  A  STUDY  OF  WHITE  AND  MINORITY-GROUP 
FEMALE  UNDERGRADUATE  WOMEN.  Jewelle  L.  Harmon,  Dept,  of  Psychology,  Old 
Dominion  University,  Norfolk  VA  23529.  Well-publicized  allegations  of  sexual  harassment,  such  as 
those  involving  Clarence  Thomas  and  Anita  Hill  and  the  Navy’s  Tailhook  scandal,  have  made  sexual 
harassment  a  major  issue  of  concern.  Few  investigators  have  examined  the  role  of  racial/ethnic 
background  in  women's  experiences  of  sexual  harassment.  The  present  study  assessed  whether 
minority-group  women  attending  a  mid-sized  university  were  more  likely  to  view  differently  a 
specific  type  of  sexual  harassment  than  were  White  undergraduate  women.  In  addition,  the  types  of 
sexual  harassment  women  experienced  were  compared.  No  significant  differences  were  found.  Future 
studies  and  limitations  are  discussed.  Statistical  data  and  tables  are  provided. 
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DETERMINANTS  OF  PATERNAL  INVOLVEMENT  IN  CHILDCARE  IN  DUAL-EARNER 
FAMILIES  WITH  PRESCHOOL  CHILDREN.  Julie  N.  Jacobs  &  Michelle  L.  Kelley,  Old 
Dominion  University,  Norfolk,  VA  23529.  Dual-earner  parents  (N  =  84)  of  preschool  children 
enrolled  in  licensed  childcare  centers  completed  questionnaires  that  examined  work  and  family 
variables  as  related  to  paternal  involvement  in  three  areas:  engagement  (i.e.,  one-on-one  interaction 
with  the  child),  responsibility  (i.e.,  taking  care  of  the  child’s  needs),  and  accessibility  (i.e.,  being 
available  to  the  child  without  directly  interacting).  Regression  analyses  were  performed  in  order  to 
examine  whether  work  and  family  variables  predicted  the  amount  of  paternal  involvement  in  the  three 
areas  of  childcare.  Fathers’  reports  of  paternal  involvement  were  significantly  predicted  by  parenting 
self-efficacy,  marital  satisfaction,  and  fathers’  beliefs  concerning  the  parental  role.  Mothers’  reports 
of  paternal  involvement  were  significantly  predicted  by  marital  satisfaction  and  mothers’  beliefs 
concerning  the  parental  role.  These  findings  suggest  that  paternal  involvement  is  greatly  impacted  by 
variables  associated  with  both  mothers  and  fathers. 


INSTRUMENTAL  STIMULUS  DISCRIMINATION  OF  A  CONSPECIFIC  CHOICE  IN  BETTA 
SPLENDENS.  Michael  L.  Suis.  Andrea  F.  Velissarios,  Alicia  A.  Bums,  &  Andrew  J.  Velkey  II. 
Dept,  of  Psych.  Christopher  Newport  University,  Newport  News  VA,  23606.  Instrumental  Choice 
behavior  in  Siamese  Fighting  Fish  {Betta  splendens)  was  investigated.  The  discriminative  stimulus 
(SD)  was  a  blue  checkerboard  pattern  placed  on  one  choice  door.  Subjects  were  allowed  to  choose 
between  an  encounter  with  a  conspecific  (another  live  male)  and  a  nonconspecific  (nothing).  The  SD 
was  expected  to  be  associated  with  the  presence  of  the  conspecific.  One  fish  demonstrated 
reinforcement,  denoted  by  decreased  swimway  times,  and  treated  the  pattern  as  a  conditioned 
reinforcer  (S+).  A  second  fish  demonstrated  reinforcement  but  treated  the  unmarked  door  as  an  S+. 
For  a  third  fish,  swimway  times  increased,  denoting  punishment.  A  fourth  fish  did  not  show  a 
consistent  choice  pattern  or  stable  swimway  times.  The  disparate  results  may  indicate  that  dominance 
plays  a  role  in  choice  behavior. 


ARE  THESE  JEANS  MY  SIZE?:  EFFECTS  OF  MISLABELED  SIZES  IN  EATING  IN  HIGH 
AND  LOW  SELF-OBJECTIFIERS.  Angel  I.  Daniels  &  E.  Maury  Stegall,  Dept,  of  Psychology, 
Washington  and  Lee  University,  Lexington  VA  24450.  Objectification  theory  asserts  that  society 
socializes  women  to  adopt  an  outsider’s  perspective  on  their  bodies,  teaching  them  to  treat  themselves 
as  objects  to  be  evaluated  on  the  basis  of  looks  alone.  A  cmcial  outcome  of  the  experience  of  self- 
objectification  is  the  onset  of  body  shame,  which  is  often  directly  followed  by  restrained  eating.  The 
present  study  examines  the  effect  of  trying  on  clothing  on  women’s  restrained  eating.  Sixty 
undergraduate  women  tried  on  either  normally  sized  jeans  or  mis-sized  jeans,  or  rated  advertisements, 
and  immediately  tasted  cookies.  The  incidence  of  trying  on  mis-sized  jeans  was  not  found  to  induce 
restrained  eating,  nor  was  that  of  trying  on  jeans  in  general.  Eating  did  not  significantly  vary  among 
high  versus  low  self-objectifiers. 


"MEN  AND  WOMEN  CAN’T  BE  FRIENDS  BECAUSE  THE  SEX  PART  ALWAYS  GETS  IN 
THE  WAY:"  EXAMINING  THE  FREQUENCY  AND  IMPACT  OF  ATTRACTION  IN 
OPPOSITE  SEX  FRIENDSHIPS.  Jane  Brodie  Gregory.  Washington  and  Lee  University,  Lexington, 
Virginia  24450.  The  current  study  seeks  to  examine  the  frequency  and  impact  of  attraction  in 
opposite  sex  fiiendships.  An  undergraduate  sample  {N=  140)  completed  subjective  self  report  forms 
with  questions  pertaining  to  their  close,  opposite  sex  fiiendships.  Participants  also  viewed  sets  of  four 
photographs  and  completed  a  series  of  eight  questions  about  the  people  in  these  photographs.  All 
four  research  hypotheses  about  attraction  and  its  effects  on  opposite  sex  fiiendships  were  confirmed. 
Significant  differences  were  found  between  males  and  females  for  desire  for  sexual  relations  with 
opposite  sex  fiiends  and  the  role  of  sexual  attraction  in  fiiendship  initiation.  Male  participants  were 
significantly  more  likely  than  females  to  desire  sexual  relations  with  opposite  sex  fiiends.  Level  of 
attractiveness  was  more  important  in  initiating  opposite  sex  fiiendships  for  male  participants  than 
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females.  Men  were  more  likely  to  initiate  friendships  with  highly  attractive  women  than  low 

attractive  women. 


GENDER  BIAS  IN  LANGUAGE:  SO  WHAT?  Elise  E.  Judd  &  Corinne  Mathieu,  Dept,  of 
Psychology,  Washington  and  Lee  Univ.,  Lexington  VA  24450.  Do  college  aged  students  think  to  use 
gender  neutral  pronouns  without  prompting?  Does  gender  or  formality  of  context  have  an  effect  on 
gender  neutral  pronoun  usage?  This  study  presented  50  subjects  with  two  formal  and  two  informal 
excerpts  for  grammar  correction.  Twenty-seven  subjects  received  an  initial  math  problem  containing 
the  gender  neutral  pronoun  he/she  (previous  literature  shows  this  is  the  most  gender  neutral  pronoun). 
Sex  and  whether  or  not  the  subject  received  the  initial  prompt  had  no  significant  effect  on  the  percent 
of  gender  neutral  pronouns  used.  Formality  of  context  was  a  significant  main  effect:  subjects  used 
more  gender  neutral  pronouns  in  the  formal  context  than  the  informal  context.  Results  indicate  the 
need  for  further  studies. 


LASSIE  REVISITED:  FACIAL  EXPRESSIONS  AND  MIXED  EMOTIONS.  Jov  Whitehead.  Tom 
Herbert,  &  Nancy  Margand,  Dept,  of  Psychology,  Washington  and  Lee  University,  Lexington,  VA 
24450.  Previous  research  on  children’s  understanding  of  mixed  emotions  has  found  that  children 
under  the  age  of  seven  do  not  acknowledge  the  simultaneous  experience  of  conflicting  emotions  and 
that  children’s  understanding  of  mixed  emotions  is  affected  by  the  methods  used  to  test  their 
understanding.  The  present  study  replicated  earlier  studies  on  children’s  understanding  of  mixed 
emotions  while  using  more  visual,  as  opposed  to  verbal,  methodology  to  assess  understanding.  After 
hearing  stories  designed  to  elicit  mixed  emotions,  children  were  asked  to  1)  verbally  acknowledge  or 
deny  the  experience  of  multiple  emotions  and  2)  use  a  visual  representation  of  faces  to  indicate  how 
much  of  each  emotion  they  would  feel  in  the  given  situation.  Results  showed  that  while  children 
under  seven  did  not  verbally  acknowledge  experiencing  conflicting  emotions  at  the  same  time,  they 
chose  faces  expressing  conflicting  emotions  when  presented  with  the  visual  measure.  Results  also 
indicated  that  children  have  the  cognitive  ability  to  understand  mixed  emotions  between  age  7  and  9 
years  of  age,  sooner  than  previously  believed,  and  that  their  visual  representation  of  this  knowledge 
continues  to  be  superior  to  their  verbal  knowledge. 


SYMPOSIUM:”. ..An  Utterly  Clear  Perceptual  Fact...”  A  Progress  Report  on  Stimulus  Clarity 
Research  in  the  S.  E.  Asch  (1956)  Independence-Conformity  Paradigm. 

ASCH  AND  STIMULUS  CLARITY:  THE  PROBLEM,  PROTOCOL,  AND  METHOD.  Lauren  K. 
Burt'.  Cynthia  L.  Clifford'.  Elizabeth  S.  Martin',  Gayle  P.  Lentz',  Brynn  A.  Wilmoth'*^  Enacio 
Freeman',  Andrea  L.  Atwell',  Sulaiman  T.  Bah',  Christina  E.  Oeming',  and  James  P.  O’Brien'. 
'Tidewater  Community  College,  Virginia  Beach  VA  23453  and  ^Old  Dominion  Univ. 
Schwabenbauer,  Schwabenbauer,  Larkin  &  O’Brien  (1999)  replicated  Asch’s  1956  experimental  and 
control  conditions  with  community  college  participants  and  same-sex  peer  experimenters.  The 
present  problem  is  derived  from  one  of  their  findings:  the  frequency  of  erring  participants  in  the 
control  condition  did  not  differ  significantly  from  those  in  the  group  pressure  condition.  This  is 
particularly  perplexing  because  the  Asch  paradigm  requires  that  the  stimuli  constitute  "an  utterly  clear 
perceptual  fact."  A  multiyear  protocol  to  replicate  control  conditions  for  stimulus  clarity,  featuring  a 
2x2x2x2  factorial  design  with  n>37,  was  implemented.  Variables  include  participants’  sex  and 
college  (2-year  vs.  4-year)  and  experimenters’  sex  and  status  (authority  vs.  peer).  Hypothesis  I  states 
that  subjects  most  like  Asch’s  (White  male  4-year  undergraduates  with  a  same-sex  authority 
experimenter)  will  have  higher  %  error-free  and  lower  mean  error  measures.  Hypothesis  II  states  the 
opposite.  The  methodology  presented  describes  the  detailed  training  and  guidelines  necessary  to 
acquire  data  over  several  years  at  two  different  colleges. 


108 


VIRGINIA  JOURNAL  OF  SCIENCE 


AN  INVESTIGATION  OF  CONTROL  CONDITIONS  IN  ASCH-TYPE  EXPERIMENTS:  IV. 
Gavle  P.  Lentz*.  Elizabeth  S.  Martin*.  Sulaiman  T.  Bah^  Andrea  L.  Atwell*,  Lauren  K.  Burt',  Brynn 
A.  Wilmoth’*^,  Christina  E.  Oeming',  Cynthia  L.  Clifford*,  Enacio  A.  Freeman*&  James  P.  O’Brien*. 
*Tidewater  Community  College,  Virginia  Beach  VA  23453  and  ^Old  Dominion  University.  Pursuant 
to  earlier  protocol  research  (N=340)  by  Herrera,  Mattingly,  Hannah  &  O’Brien  (2000),  Craig, 
McGeehen  &  O’Brien  (2001)  and  Isler,  Clouser,  &  O’Brien  (2002);  a  total  of  185  Subjects  were 
added  to  several  of  the  16  cells  in  Fall  2002  and  Spring  2003.  Three  more  cells  were  completed 
(n>37)  for  a  total  of  7.  So  far,  no  cell  is  equivalent  to  the  high  criteria  of  Asch’s  controls  by  which  he 
verified  stimulus  clarity.  Since  Asch  used  female  as  well  as  male  experimenters,  the  poor 
performance  of  our  4-year  White  men  with  a  female  authority  experimenter  suggests  that  his  control 
subjects  may  have  been  inappropriate  for  comparisons  to  his  Critical  Subjects  with  female 
experimenters.  Further,  not  a  single  Subject  in  the  replication  most  similar  to  Asch’s  has  committed 
two  errors.  This  finding  has  implications  for  the  relaxed  criteria  Asch  used  to  categorize  Critical 
Subjects  as  independent  in  his  detailed  analyses  of  interview  responses  (among  "independents"  were 
included  those  with  0,  1,2,  or  sometimes  3  errors).  No  women  see  the  Asch  stimuli  as  clearly  as  his 
control  Subjects. 


IMPLICATIONS  FOR  THEORY  AND  RESEARCH.  Andrea  L.  Atwell*.  Brvnn  A.  Wilmoth*^l 
Christina  E.  Oeming*,  Gayle  P.  Lentz*,  Elizabeth  S.  Martin*,  Lauren  K.  Burt*,  Cynthia  L.  Clifford*, 
Sulaiman  T.  Bah*,  Enacio  A.  Freeman*  &  James  P.  O’Brien*.  *Tidewater  Cmnty.  Coll.,  Virginia 
Beach  VA  23453;  ^Old  Dominion  Univ.  Asch  reacted  to  the  behavioristic  and  psychoanalytic 
interpretations  of  persuasion  studies  done  in  1920s-30s,  objecting  to  their  mechanistic  and  non- 
rational  explanations  of  social  behavior.  Unlike  previous  studies  using  illusory  or  ambiguous  stimuli 
and  implied  sources  of  persuasion,  Asch’s  classic  independence-conformity  paradigm  sought  to 
establish  a  real  dilemma  between  the  utterly  clear  evidence  of  one’s  eyes  and  a  physically  present 
majority  of  3  or  more  who  err  unanimously.  Therefore,  it  is  absolutely  essential  that  Asch’s  stimuli 
constitute  "an  utterly  clear  perceptual  fact."  Although  many  of  our  White-male  cells  are  not  yet 
complete,  only  the  condition  most  similar  to  Asch’s  can  possibly  approximate  his  control  criteria 
within  his  n=37.  Since  men  perform  generally  worse  than  Asch’s  controls  and  women  perform  worse 
than  men,  it  appears  that,  contra  to  the  literature,  women  in  group  pressure  conditions  err  more  than 
men  for  one  reason  -  the  stimuli  are  less  clear  to  them.  As  Asch  demonstrated,  stimulus  ambiguity  is 
associated  with  greater  conformity.  Age,  ethnicity,  and  distance  data  will  be  analyzed;  future  research 
is  described. 


ETHNICITY  IN  ASCH  CONTROL  REPLICATIONS:  AFRICAN-AMERICAN  PEER 
EXPERIMENTERS  AND  COMMUNITY  COLLEGE  PARTICIPANTS.  Sulaiman  T,  Bah*.  Neysa 
L.  Isler’*^,  Natalie  A.  Clouser*,  Andrea  L.  Atwell*,  Gayle  P.  Lentz*,  Elizabeth  S.  Martin*,  Lauren  K. 
Burt*,  Cynthia  L.  Clifford*,  Brynn  A.  Wilmoth**^,  Enacio  A.  Freeman*,  Christina  E.  Oeming*  & 
James  P.  O’Brien*.  *Tidewater  Cmnty.  Coll.,  Virginia  Beach  VA  23453,  ^George  Mason  Univ.  and 
^Old  Dominion  Univ.  Just  as  Asch’s  proposal  for  using  peer  experimenters  does  not  appear  in  the 
literature,  so  too  the  study  of  experimenters  of  minority  ethnicity  is  absent.  Yet,  in  unrelated  studies, 
some  investigators  have  shown  better  performance  among  Whites  if  the  task  administrator  is  Black. 
Based  on  the  relatively  poor  performance  of  Subjects  in  the  16  cell  paradigm;  (1)  it  is  necessary  to 
establish  error  measures  in  the  Asch  control  condition  before  experimental  conditions  are  carried  out, 
and  (2)  social  identity  theory  and  self-categorization  suggest  that  White  men  and  women  may  perform 
better  with  a  Black  experimenter.  An  African-American  male  or  female  peer  presented  Asch’s 
stimuli  to  groups  of  community  college  students  of  mixed  ethnicity  and  sexes.  While  no  category  of 
subjects  performed  as  well  as  Asch’s  White  male  controls,  there  was  some  support  for  the  predictions 
of  enhanced  performance  among  White  women  in  comparison  to  similar  cells  in  the  main  protocol 
with  White  experimenters. 


Statistics 

(No  abstracts  submitted) 


VJAS  2003  AWARDS 


109 


VIRGINIA  JUNIOR  ACADEMY  OF  SCIENCE 
2003  AWARD  WINNERS 

Presented  at  The  University  of  Virginia,  Charlottesville,  VA 

May  28,  2003 

AGRICULTURAL  AND  ANIMAL  SCIENCE 
Honorable  Mention:  MELISSA  F.  BEARDEN 


Honorable  Mention: 

George  H.  Moody  Middle  School 

VICTORIA  M.N.  CHILDRESS 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

MATTHEW  C.  GREEN 

Third  Place: 

Ocean  Lakes  High  School 

WREN  M.  BLACKWELL 

Second  Place: 

Atlee  High  School 

NIRAJA  SATHYANARAYANAN 

First  Place: 

Mills  E,  Godwin  High  School 

ZACHARY  J.  CAPPELLO 

Lee-Davis  High  School 

Honorable  Mention: 

ANIMAL  BEHAVIOR  (ETHOLOGY) 

CRYSTAL  L.  CORZINE 

Honorable  Mention: 

Central  Shenandoah  Valley  Governor’s  School 

ANNE  R.  GODDARD 

Tuckahoe  Middle  School 

Honorable  Mention: 

ELIZABETH  A  JAMES 

Third  Place: 

Washington-Lee  High  School 

MORGAN  E.  PIERCE 

Second  Place: 

George  H.  Moody  Middle  School 

ANTHONY  J.  HENDRICKS 

First  Place: 

Mills  E.  Godwin  High  School 

LINDSAY  N.  RAMEY 

Central  Virginia  Governor’s  School 

Honorable  Mention: 

BOTANY  A 

CHRISTIE  A.  ALSTON 

Honorable  Mention: 

Lloyd  C.  Bird  High  School 

BRAXTON  J.  COX 

Honorable  Mention: 

Southwest  Virginia  Governor’s  School 

CHRISTY  E.  DARLING 

Third  Place: 

Chickahominy  Middle  School 

MATTHEW  H.  BRUCH 

Tuckahoe  Middle  School 

1 10  VIRGINIA  JOURNAL  OF  SCIENCE 


Second  Place: 

MARY  S.  AMBLER 

First  Place: 

Patrick  Henry  High  School 

CHRISTINA  N.  ARMENGOL 

Bishop  Denis  J.  O’Connell  High  School 

Honorable  Mention: 

BOTANY  B 

SARAH  E.  EARLES 

Honorable  Mention: 

Chickahominy  Middle  School 

ADOM  GETACHEW 

Honorable  Mention: 

Washington-Lee  High  School 

MICHELLE  S.  KIM 

Third  Place: 

Bishop  Denis  J.  O’Connell  High  School 

JAMES  P.  IRBY 

Tuckahoe  Middle  School 

Second  Place: 

JUSTIN  T.  LITZ 

First  Place: 

Chickahominy  Middle  School 

KAY  N.  GOWAN 

Atlee  High  School 

Honorable  Mention: 

BOTANY  C 

RICHARD  W.  REESE 

Tuckahoe  Middle  School 

Honorable  Mention: 

SHARAD  SHANKAR 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

MARK  L.  YOO 

Third  Place: 

Mills  E.  Godwin  High  School 

MEGHAN  A.  WIECKOWSKI 

Second  Place: 

Atlee  High  School 

XOTCHITL  S.  VASQUEZ 

Bishop  Denis  J.  O’Connell  High  School 

First  Place: 

EMILY  C.  SMITH 

Southwest  Virginia  Governor’s  School 

Honorable  Mention: 

CHEMISTRY  A 

CASEY  P.  BECKNER 

Honorable  Mention: 

Maggie  L.  Walker  Governor’s  School 

JONATHAN  C.  CABALLERO 

Honorable  Mention: 

Bishop  Denis  J.  O’Connell  High  School 

RANDI  R.  CHEA,  MICHELLE  K.  WALKER,  AND 
LUWAM  BERHANE 

Third  Place: 

Wakefield  High  School 

LARISSA  P.  GIBBS  AND  AMELIA  C  J.  MUTTER 
Swanson  Middle  School 

Second  Place: 

JONATHAN  S.  CHAN 

Mathematics  and  Science  High  School  at  Clover  Hill 
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First  Place: 

STEPHANIE  A.  GOELLNER 

Lee-Davis  High  School 

Honorable  Mention: 

CHEMISTRY  B 

PETER  N.  GURNEY 

Swanson  Middle  School 

Honorable  Mention: 

WILLIAM  H.  HENLEY 

Honorable  Mention: 

Goochland  High  School 

LAUREN  M.  LEFTWICH 

Third  Place: 

Heritage  High  School 

DAVID  L.  MUFFLEY  AND  BILL  N.  PETERS 

Second  Place: 

Washington-Lee  High  School 

CAITLIN  N.  HOWARTH 

First  Place: 

Washington-Lee  High  School 

CASIDHE  H.  HORAN 

Mills  E.  Godwin  High  School 

Honorable  Mention: 

CHEMISTRY  C 

ELIZABETH  L.  SUTPHIN 

Tuckahoe  Middle  School 

Honorable  Mention: 

KARSTEN  S.  WITT 

Gildersleeve  Middle  School 

Honorable  Mention: 

M.  HUNTER  WITT 

Gildersleeve  Middle  School 

Third  Place: 

SARA  J.  RIPPEL 

Second  Place: 

James  River  High  School 

KIM  YEONG  YAMAMOTO 

First  Place: 

Mills  E.  Godwin  High  School 

ARJUN  SREEKUMAR 

Swanson  Middle  School 

Honorable  Mention: 

COMPUTER  SCIENCE 

WARREN  A.  GRUBBS 

Honorable  Mention: 

Lloyd  C.  Bird  High  School 

KENDALL  S.  MERRIMAN  AND 

JONATHAN  M.  KOMYATHY 

Honorable  Mention: 

Ocean  Lakes  High  School 

TERRY  J.  STEDMAN 

Third  Place: 

Hayfield  High  School 

KEVIN  C.  TURNER 

Second  Place: 

Bishop  Denis  J.  O’Connell  High  School 

JESSICA  L.  BASHKOFF 

First  Place: 

Menchville  High  School 

WASEEM  S.  DAHER  AND  LOUISE  A.  MONTGOMERY 
Yorktown  High  School 
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Honorable  Mention: 

CONSUMER  SCIENCE  A 

KYLE  T.  AKERS 

Honorable  Mention: 

Chickahominy  Middle  School 

GREGORY  A.  CRAPANZANO  AND 

NICK  R.  ROTHENBERG 

Honorable  Mention: 

James  River  High  School 

LUKE  R.  GERGOUDIS 

Third  Place: 

Harry  F.  Byrd  Middle  School 

ERIC  P.  BURCHAM 

Second  Place: 

Maggie  L.  Walker  Governor’s  School 

MONICA  N.  GRAY 

First  Place: 

Central  Shenandoah  Valley  Governor’s  School 

CHRIS  L.  BOSWELL 

Maggie  L.  Walker  Governor’s  School 

Honorable  Mention: 

CONSUMER  SCIENCE  B 

ASHLEIGH  M.  HUGGARD 

Honorable  Mention: 

Central  Shenandoah  Valley  Governor’s  School 
SAMANTHA  M.  MAEDERER  AND 

LAUREN  A.  O’NEILL 

Honorable  Mention: 

Atlee  High  School 

GEORGE  A.  OLEY 

Tuckahoe  Middle  School 

Third  Place: 

DAVID  L.  HAYES 

Second  Place: 

James  River  High  School 

ANDREW  0.  JAGNARAIN  AND  MICHAEL  Z.  SNOW 

First  Place: 

Mills  E.  Godwin  High  School 

ELIZABETH  J.  HUTSELL 

Williamsburg  Middle  School 

Honorable  Mention: 

CONSUMER  SCIENCE  C 

KELSEY  A.  ROOKS 

Honorable  Mention: 

Harry  F.  Byrd  Middle  School 

WILLIAM  H.  TOWNSEND  AND  IAN  M.  NEELY 

Third  Place: 

Deep  Run  High  School 

JAMES  A.  SWEET 

Second  Place: 

Roanoke  Valley  Governor’s  School 

JARROD  A.  THOMAS 

First  Place: 

Central  Shenandoah  Valley  Governor’s  School 

SARA  M.  WARREN 

Maggie  L.  Walker  Governor’s  School 

Honorable  Mention: 

EARTH  AND  SPACE  SCIENCE 

TREVOR  R.  BUCKLEY 

Maggie  L.  Walker  Governor’s  School 
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Honorable  Mention: 

KRISTIN  E.  PANKE  AND  LAURA  E.  CHEEK 

Honorable  Mention: 

Yorktown  High  School 

YOLANDA  L.  ROBERTS  AND  KATIE  L.  CAMPBELL 

Third  Place: 

Mathematics  and  Science  High  School  at  Clover  Hill 
GREGORY  T.  MINTON 

Second  Place: 

Roanoke  Valley  Governor’s  School 

TYLER  S.  SPENCER 

First  Place: 

Central  Shenandoah  Valley  Governor’s  School 

SARAH  M.  SOUTHARD 

Central  Shenandoah  Valley  Governor’s  School 

Honorable  Mention: 

ENGINEERING  A 

RILEY  R.  ARTHUR 

Honorable  Mention: 

George  H.  Moody  Middle  School 

DANIEL  E.  CURACA-MALITO 

Honorable  Mention: 

Williamsburg  Middle  School 

BETH  R.  ENGLAND 

Third  Place: 

Williamsburg  Middle  School 

INN-INN  CHEN 

Second  Place 

Blacksburg  High  School 

:PETER  ELBAOR  AND  KELLY  M.  O’BRIANT 

First  Place: 

Yorktown  High  School 

MICHAEL  J.  FRASER 

Yorktown  High  School 

Honorable  Mention: 

ENGINEERING  B 

GALEN  D.  MALY 

Honorable  Mention: 

Yorktown  High  School 

ANNE  K.  MINOFF 

Honorable  Mention: 

Williamsburg  Middle  School 

KAITLYN  E.  WARK 

Third  Place: 

Chickahominy  Middle  School 

YVONNE  P.  NG 

Second  Place: 

Blacksburg  High  School 

MICHAEL  J.  RUTKOWSKI 

First  Place: 

Chesapeake  Bay  Governor’s  School 

JONATHAN  H.  YOKE 

Mathematics  and  Science  High  School  at  Clover  Hill 
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Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  A 

JAIME  N.  CAMPBELL 

Honorable  Mention: 

Central  Virginia  Governor’s  School 

MAIRIN  L.  CIPOLLA 

Honorable  Mention: 

Maggie  L.  Walker  Governor’s  School 

PHILIP  W.  GIANFORTONI 

Third  Place: 

Deep  Run  High  School 

KARA  L.  CAPELLI 

Second  Place: 

Atlee  High  School 

JOSEPH  A.  CARUSO 

First  Place: 

Stafford  High  School 

JEAN  M.  FOLSOM 

Yorktown  High  School 

Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  B 

SARAH  E.  KALICHMAN 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

SEAN  C.  KITCHEN 

Tuckahoe  Middle  School 

Honorable  Mention: 

CASEY  L.  MCCRACKEN 

Third  Place: 

Central  Shenandoah  Valley  Governor’s  School 
JOANN  E.  KELLY 

Second  Place: 

Gloucester  High  School 

ISRAEL  MARQUES 

Roanoke  Valley  Governor’s  School 

First  Place: 

DAVID  A.  MARLLES 

Mills  E.  Godwin  High  School 

Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  C 

RAHUL  R.  MENON 

Honorable  Mention: 

George  H.  Moody  Middle  School 

KRISTEENA  L.  RAY 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

GREGORY  H.  RICE 

Third  Place: 

Roanoke  Valley  Governor’s  School 

KATIE  A.  PUCKETT 

Second  Place: 

Mathematics  and  Science  High  School  at  Clover  Hill 
DOAN  M.  ON  AND  JONATHAN  M.  SOTOSKY 

First  Place: 

Ocean  Lakes  High  School 

KELLYN  P.  MONTGOMERY 

Southwest  Virginia  Governor’s  School 
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Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  D 

ANDREW  P.  SCHUKMAN 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

JACQUELINE  G.  WHEELER 

Mathematics  and  Science  High  School  at  Clover  Hill 

Honorable  Mention: 

LAURA  L.  WOOLLEY 

Third  Place: 

Central  Virginia  Governor’s  School 

RACHEL  S.  SMITH 

Second  Place: 

Mathematics  and  Science  High  School  at  Clover  Hill 

PETER  W.  SIY 

First  Place: 

Atlee  High  School 

KATHERINE  O.  SMITH 

Yorktown  High  School 

GENETICS  AND  CELLULAR  BIOLOGY 
Honorable  Mention:  DEEPA  IYER 


Honorable  Mention: 

Mills  E.  Godwin  High  School 

KEVIN  M.  KEITHLEY 

Honorable  Mention: 

Bishop  Denis  J.  O’Connell  High  School 

XAVIER  W.  BELCHER 

Third  Place: 

Huguenot  High  School 

KONSTANTIN  Y.  LANTSMAN 

Second  Place: 

Maggie  L.  Walker  Governor’s  School 

DANIEL  B.  FISHER 

First  Place: 

Lee~Davis  High  School 

MARISSA  R.  KESSLER 

Mills  E.  Godwin  High  School 

Honorable  Mention: 

MATHEMATICS 

ELIZABETH  K.  TULEY 

Honorable  Mention: 

Mathematics  and  Science  High  School  at  Clover  Hill 
RANDALL  C.  REED,  JR.  AND  JEFFREY  S.  SHUTTERLY 
Mills  E.  Godwin  High  School 

Third  Place: 

LING-LUN  BOB  HSIA 

Second  Place: 

Mills  E.  Godwin  High  School 

NAMRATA  VERMA 

New  Horizons  Governor’s  School 

First  Place: 

BRIAN  T.  RICE 

Southwest  Virginia  Governor’s  School 

Honorable  Mention: 

MEDICINE  AND  HEALTH  A 

KELSEY  K.  AUNE  AND  WILLIAM  R.  HIGGINS 

Honorable  Mention: 

Deep  Run  High  School 

JENNY  F.  EISENBERG  AND  CASEY  M.  EISENBERG 

Honorable  Mention: 

James  River  High  School 

ERIN  M.  FOX 

Menchville  High  School 
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Third  Place: 

MARGARET  M.  GILSTRAP 

Second  Place: 

Central  Shenandoah  Valley  Governor’s  School 
REVEE  A  BARBOUR 

First  Place: 

Central  Virginia  Governor’s  School 

CARRIE  A.  DULANEY 

H.B.  Woodlawn 

Honorable  Mention: 

MEDICINE  AND  HEALTH  B 

SWATI MISHRA 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

SARAH  M.  MYERS 

Honorable  Mention: 

Yorktown  High  School 

JULIA  A.  NICULESCU 

Third  Place: 

Mathematics  and  Science  High  School  at  Clover  Hill 
MICHAEL  T.  HAGEMANN 

Second  Place:! 

George  H.  Moody  Middle  School 

ENNA  B.  MCALLISTER 

First  Place: 

Central  Shenandoah  Valley  Governor’s  School 
BLAINE  F.  MORRISS 

Central  Shenandoah  Valley  Governor’s  School 

Honorable  Mention: 

MEDICINE  AND  HEALTH  C 

GAURI  R.  RAVAL 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

SURA VI  SIRCAR 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

RACHEL  E.  WHEELER 

Third  Place: 

George  H.  Moody  Middle  School 

KUMKUM  SARKAR 

Second  Place: 

Roanoke  Valley  Governor’s  School 

LAUREN  E.  TRAVIS 

First  Place: 

Southwest  Virginia  Governor’s  School 

KELLY  M.  ZAHALKA 

Maggie  L.  Walker  Governor’s  School 

Honorable  Mention: 

MICROBIOLOGY  A 

CAREY  C.  ARCHER 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

HEATHER  R.  BURDETTE 

Honorable  Mention: 

Roanoke  Valley  Governor’s  School 

MICHAEL  A.  CLARK 

Third  Place: 

Central  Virginia  Governor’s  School 

MARY  C.  CONKRIGHT 

Second  Place: 

James  River  High  School 

MELANIE  E.  FLAGG 

First  Place: 

J.R.  Tucker  High  School 

ERIC  L.  HARSHFIELD 

Roanoke  Valley  Governor’s  School 
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Honorable  Mention: 

MICROBIOLOGY  B 

ALEXANDER  P.  KOSTURA 

Honorable  Mention: 

Roanoke  Valley  Governor’s  School 

MICHAEL  R.  LANDIS 

Honorable  Mention: 

Atlee  High  School 

RAYMOND  L.  PALMER,  JR. 

Varina  High  School 

Third  Place: 

JANANI  SUNDAR 

Second  Place: 

Mills  E.  Godwin  High  School 

GAIL  L.  SENATORE 

First  Place: 

Mathematics  and  Science  High  School  at  Clover  Hill 
JASMINE  C.  MAJOR 

Hermitage  High  School 

Honorable  Mention: 

PHYSICS  A 

NIKOLAI  A.  EROSHENKO 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

BENJAMIN  D.  GORDON 

Honorable  Mention: 

Central  Virginia  Governor’s  School 

GREGORY  I.  HELLENGA 

Tuckahoe  Middle  School 

Third  Place: 

BENJAMIN  A.  CHARLES 

Third  Place: 

James  River  High  School 

JACOB  M.  BUCK 

Gildersleeve  Middle  School 

Second  Place: 

CHPHSTY  E.  CLAPP 

First  Place: 

Lloyd  C.  Bird  High  School 

DIANA  M.  FORREST 

Bishop  Denis  J.  O’Connell  High  School 

Honorable  Mention: 

PHYSICS  B 

DEEPA  IYER 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

ERIC  C.  LAUER 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

JUSTIN  B.  LUCAS 

Third  Place: 

Central  Shenandoah  Valley  Governor’s  School 
SHANE  M.  HODSON 

Homer  L.  Hines  Middle  School 

Second  Place: 

HEIDI  A.  OWENS 

First  Place: 

Virginia  Air  and  Space  Center 

TOM  A..  HENNIG 

Bishop  Denis  J.  O’Connell  High  School 
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Honorable  Mention: 

PHYSICS  C 

DANIEL  J.  PETERSON 

Honorable  Mention: 

Central  Shenandoah  Valley  Governor's  School 
MATTHEW  R.  VITTONE  AND  ANDREA  K.  DURAN 

Third  Place: 

Yorktown  High  School 

ANMAR  SIOCHI 

Homer  L.  Hines  Middle  School 

Second  Place: 

BARBARA  J.  WARD 

First  Place: 

Mathematics  and  Science  High  School  at  Clover  Hill 
THOMAS  H.  RUSCHER 

Roanoke  Valley  Governor’s  School 

Honorable  Mention: 

PSYCHOLOGY  -  GENERAL 

JORDAN  L.  COINER 

Honorable  Mention: 

Central  Shenandoah  Valley  Governor’s  School 
ALLISON  A.  DONNELLY 

Honorable  Mention: 

Central  Shenandoah  Valley  Governor’s  School 

YADEL  T.  MULUGETA 

Third  Place: 

J.R.  Tucker  High  School 

MICHAEL  B.  JONES 

Second  Place: 

Maggie  L.  Walker  Governor’s  School 

RACHEL  P.  CRUMP 

First  Place: 

Central  Shenandoah  Valley  Governor’s  School 

JULIA  L  RENEHAN  AND  KATIE  N,  SAMAY 
Yorktown  High  School 

PSYCHOLOGY  -  LEARNING  &  PERCEPTION  A 
Honorable  Mention:  ALEX  E.  FERRARI  AND  MICHAEL  B.  MCCABE 


Third  Place: 

Yorktown  High  School 

MAYA  L  MACKRANDILAL  AND 

MARGARET  B.  LINDSAY 

Second  Place: 

Yorktown  High  School 

RACHEL  M.  BURNETT 

First  Place: 

J.R.  Tucker  High  School 

NICHOLAS  A.  BUTLER 

Central  Virginia  Governor’s  School 

PSYCHOLOGY  -  LEARNING  &  PERCEPTION  B 
Honorable  Mention:  MATT  J.  PELAIS  AND  JENNIFER  A.  PRICE 


Honorable  Mention: 

Deep  Run  High  School 

ASHLEE  E.  SAWYER 

Honorable  Mention: 

Maggie  L.  Walker  Governor’s  School 

RACHEL  E.  STOLLER 

Tuckahoe  Middle  School 
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Third  Place: 

SAMANTHA  K.  MO  WEN 

Second  Place: 

Central  Shenandoah  Valley  Governor’s  School 

CHELSEA  E.  VAN  MANEN 

First  Place: 

Maggie  L.  Walker  Governor’s  School 

CHRISTINE  T.  NGUYEN 

J.R.  Tucker  High  School 

Honorable  Mention: 

PSYCHOLOGY  -  SOCIAL 

AMY  E.  JACOBS 

Honorable  Mention: 

Blacksburg  High  School 

CHIDI  J.  ONYESO 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

RITCHIE  C.  VAUGHAN 

Third  Place: 

Maggie  L.  Walker  Governor’s  School 

DANIEL  K.  LAUTZENHEISER 

Second  Place: 

Maggie  L.  Walker  Governor’s  School 

EMILY  K.  SCHAFER 

Tuckahoe  Middle  School 

First  Place: 

JOHN  S.  NEWMAN 

Yorktown  High  School 

Honorable  Mention: 

STATISTICS 

ELEANOR  M.  SAXTON 

Third  Place: 

Yorktown  High  School 

ERICA  L.  KUHLIK  AND  JACQUELINE  A.  GERALNICK 
Yorktown  High  School 

Second  Place: 

VICTOR  D.  FEDOROV 

First  Place: 

Mills  E.  Godwin  High  School 

CHRISTIINE  M.  BOEHM 

Washington-Lee  High  School 

Honorable  Mention: 

ZOOLOGY 

DAVID  A,  GIBBS 

H.B.  Woodlawn 

Honorable  Mention: 

KRISTA  L.  ROOP 

Honorable  Mention: 

Mills  E.  Godwin  High  School 

LAURA  L.  SPRAGUE 

Tuckahoe  Middle  School 

Third  Place: 

BRITTANY  R.  CANON  AND  MATT  G.  HASS 

Second  Place: 

Deep  Run  High  School 

LAURA  S.  SHANKMAN 

First  Place: 

Yorktown  High  School 

ERIN  B.  STRANG 

Lee-Davis  High  School 
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SPECIAL  AWARDS 

Botany  Section  Award,  given  by  the  Botany  Section  of  the  VAS,  to  the  best  paper  on 
abotanical  subject.  ($150.00) 

EMILY  SMITH 

Southwest  Virginia  Governor’s  School 

VJAS  Neuroscience  Awards  supported  by  the  Virginia  Neurological  Society  and  the 
Auxiliary  of  the  Virginia  Neurological  Society  are  given  to  up  to  four  out-standing 
papers  in  the  field  of  neuroscience  ($100). 

NAMRATA  VERMA 

New  Horizons  Governor’s  School 

Speleological  Society  Award  given  to  the  best  paper  addressing  karst  or  topics  related 
to  speleology  given  by  the  Richmond  Area  Speleological  Society.  ($200.00) 
KRISTIN  E.  PANKE  AND  LAURA  E.  CHEEK 
Yorktown  High  School 

Mathematics  Award  for  the  paper  that  evidences  the  most  significant  contribution  in 
the  field  of  Mathematics.  ($200.00) 

BRIAN  RICE 

Southwest  Virginia  Governor’s  School 

Statistics  Award  for  the  paper  that  evidences  the  most  significant  contribution  in  the 
field  of  Statistics  ($200.00) 

CHRISTINE  BOEHM 
Washington-Lee  High  School . 

Smith  Shadomy  Infectious  Disease  Award  in  honor  and  memory  of  Dr.  Smith  Shadomy 
given  by  the  Virginia  Chapter  of  the  National  Foundation  of  Infectious  Diseases. 
($50.00) 

PETER  HOGGE 
Gloucester  High  School 

Roscoe  Hughes  Award  for  the  best  paper  in  the  field  of  Cellular  Biology.  ($150.00) 
XAVIER  BELCHER 
Huguenot  High  School 

Rodney  C.  Berry  Chemistry  Award  for  the  paper  that  evidences  the  most  significant 
contribution  in  the  field  of  chemistry.  ($200.00) 

STEPHANIE  A.  GOELLNER 
Lee-Davis  High  School 

The  Dr.  and  Mrs.  Preston  H.  Leake  Award  in  Applied  Chemistry  will  be  given  to  the 
author  of  a  research  paper  which  best  exemplifies  how  chemicals,  chemical  principles, 
or  chemistry  have  been  used,  are  used,  or  might  be  used  to  enhance  or  even  to  save  life. 
($150.00) 

PETER  W.  SIY 
Atlee  High  School 
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Russell  J.  Rowlett  Award  for  the  Best  Research  Paper  of  the  Year.  ($300.00) 
MARISSA  KESSLER 
Mills  E.  Godwin  High  School 


The  Virginia  Psychological  Foundation  Meritorious  Research  Awards  recognize  out¬ 
standing  presentations  of  research  in  the  various  fields  of  psychology.  Presented  by 
Janies  P.  O’Brien.  ($100  each  for  4  winners) 

JULIA  RENEHAN  AND  KATIE  SAMAY 

Yorktown  High  School 

NICHOLAS  A.  BUTLER 

Central  Virginia  Governor’s  School 

CHRISTINE  NGUYEN 

J.R.  Tucker  High  School 

JOHN  S.  NEWMAN 

Yorktown  High  School 


Virginia  Sea  Grant  College  Program  Award  is  given  by  the  Virginia  Sea  Grant  College 
Program  for  outstanding  marine  or  coastal  research.  ($50.00) 

JOANN  KELLY 
Gloucester  High  School 


American  Cancer  Society  Award  -  This  award  is  to  recognize  outstanding  science 
papers  related  to  cancer  research.  A  certificate  to  each  and  to  1st  place  -  $100,  2nd 
place  $75,  3rd  place  $50,  and  honorable  mention  $25.  There  will  be  a  ribbon  for  each 
winner.  These  awards  are  provided  by  the  American  Cancer  Society  (Virginia  Coun¬ 
cil).  These  awards  were  presented  by  Richard  Brandt,  American  Cancer  Society. 
Honorable  Mention  KUMKUM  SARKAR 

Roanoke  Valley  Governor’s  School 
Third  Place  GAURI  RAVAL 

Mills  E.  Godwin  High  School 
Second  Place  JOSEPH  A.  CARUSO 

Stafford  High  School 

First  Place  KONSTANTIN  Y.  LANTSMAN 

Maggie  L.  Walker  Governor’s  School 

The  Gamma  Sigma  Delta  Award  (Agriculture).  Presented  by  the  VPI  &amp;  SU 
Chapter  of  the  Honor  Society  of  Agriculture.  This  award  is  presented  in  recognition 
of  excellence  in  research  dealing  with  application  of  new  technologies  and/or  concepts 
in  agriculture  forestry,  or  veterinary  medicine.  ($100.00) 

ZACHARY  CAPPELLO 
Lee-Davis  High  School 
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Dominion  -  W.W.  Berry  Award.  This  award  is  given  by  Dominion  Virginia  Power  in 
honor  of  Mr.  W.  W.  Berry  who  was  a  past  Chairman  of  the  Board  of  VA  Power.  This 
award  of  a  $500.00  Savings  Bond  will  be  presented  to  the  best  engineering  paper. 
MICHAEL  J.  FRASER 
Yorktown  High  School 

The  Joyce  K.  Peterson  Award  is  presented  for  the  outstanding  paper  by  a  middle  school 
student.  It  is  presented  in  honor  of  Mrs.  Joyce  K.  Peterson  who  has  been  an  outstand- 
ingteacher  in  the  Arlington  County  Schools.  ($50) 

RAHUL  R.  MENON 
George  H.  Moody  Middle  School 

The  Ann  M.  Hancock  Award  -  This  award  is  given  to  the  best  paper  in  genetics  and  is 
given  in  memory  of  Anne  Hancock  who  retired  from  Patrick  Henry  High  School  in 
Hanover  County  and  who  gave  many  years  of  service  to  the  Jr.  Academy  not  only  by 
teaching  but  also  serving  on  the  Jr.  Academy  Committee.  ($100) 

MARISSA  KESSLER 
Mills  E.  Godwin  High  School 

Dorothy  Knowlton  Award  -  This  award  is  given  to  the  best  paper  in  the  Consumer 
Science  section(s)  and  is  given  in  honor  of  Dorothy  Knowlton,  former  Science 
Coordinator  of  Arlington  County  Schools.  ($50) 

SARA  WARREN 

Maggie  L.  Walker  Governor’s  School 

VABE  Award  -  This  award  is  presented  by  the  Virginia  Association  of  Biology 
Educators  and  is  given  for  outstanding  research  in  the  Zoology  section(s).  ($50  for 
each)  This  award  will  be  presented  by  Marion  Lobstein. 

ERIN  B.  STRANG 
Lee-Davis  High  School 

Trip  to  AJAS  -  AAAS  Meeting  for  two  students  and  two  alternates  for  presenting 
outstanding  papers.  The  2004  meeting  will  be  held  in  Feb. in  Seattle. 

Winner:  CARRIE  A.  DULANEY 

H.B.  Woodlawn 
Winner:  BRIAN  T.  RICE 

Southwest  Virginia  Governor’s  School 
Alternate:  MICHAEL  J.  FRASER 

Yorktown  High  School 
Alternate:  ERIN  B.  STRANG 

Lee-Davis  High  School 

Honorary  Membership  -  AAAS  given  to  two  students. 

ERIC  NIELSEN 

Maggie  L.  Walker  Governor’s  School 

SURA VI  SIRCAR 

Mills  E.  Godwin  High  School 
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Honorary  Membership  -  VAS  given' to  a  student. 

BOB  HSIA 

Mills  E.  Godwin  High  School 

Bethel  High  School  Scholarship  -  This  $1,000  Scholarship  Award  comes  from  the 
interest  earned  from  a  $10,000  endowment  contributed  by  the  students  of  Bethel  High 
School,  Hampton,  Va.,  over  a  two  year  period.  This  award  is  based  on  both  the  students 
presentation  and  paper. 

CHRISTINE  NGUYEN 
J.R.  Tucker  High  School 

Frances  and  Sydney  Lewis  Environmental  Scholarship:  A  $14,000  scholarship  ($3,500 
per  year  for  four  years)  for  the  best  effort  by  a  student  in  grades  9  to  12  in  the  field  of 
Eenvironmental  science.  This  scholarship  is  in  the  name  of  Frances  and  Sydney  Lewis 
and  is  given  by  the  Virginia  Environmental  Endowment. 

JEAN  FOLSOM 
Yorktown  High  School 

E.C.L.  Miller  Science  Teacher  of  the  Year  Award  is  given  to  an  outstanding  science 
teacher.  An  all-expense-paid  trip  to  next  year’s  AAAS  which  will  be  in  Seattle. 
MELANIE  BURCH 
Gildersleeve  Middle  School 

VJAS  Distinguished  Service  Award,  most  prestigious  award  given  by  the  VJAS,  is 
presented  to  a  person  for  exceptionally  outstanding  service  to  the  VJAS.  This  award 
was  presented  by  Ertle  Thompson. 

ARTHUR  W.  BURKE,  JR. 


NEW  OFFICERS 

Secretary  -  Namrata  Verma,  New  Horizons  Governor’s  School 
Vice  President  -  Zachary  Capello,  Lee-Davis  High  School 
President  -  Ashley  Morgan,  Atlee  High  School 
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New  Fellow 
Marion  Blois  Lobstein 


Marion  Blois  Lobstein  has  been  named  a  Fellow  of  the  Virginia  Academy  of 
Science.  Her  contributions  to  the  advancement  of  knowledge  in  botany  have  merited 
national  and  regional  recognition.  She  has  been  honored  several  times  for  her  career 
in  teaching  and  has  served  the  Academy  in  a  variety  of  leadership  positions  since  she 
became  a  member  in  1972. 

As  an  independent  botanical  consultant  since  1989,  Marion  has  conducted  work¬ 
shops,  natural  history  tours,  botanical  surveys,  and  manuscript  reviews.  In  1986  she 
performed  research  on  Hy dr  ilia  verticil  lata  for  the  U.S.  Army  Corps  of  Engineers. 
Among  her  publications  are  Finding  Wildflowers  in  the  Washington-Baltimore  Area 
(co-author,  Johns-Hopkins  University  Press,  1995);  three  botanical  checklists  -  Sum¬ 
mer  and  Fall  Wildflowers  of  Northern  Virginia^  Trees,  Shrubs,  and  Woody  Vines  of 
Northern  Virginia',  and  Spring  Wildflowers  of  Northern  Virginia  —  articles  in  Castenea 
and  the  Virginia  Journal  of  Science  (co-author);  and  a  video  -  Spring  Wildflowers  of 
the  Mid-Atlantic  Region  (co-author).  In  1992,  the  U.S.  Postal  Service  issued  a 
wildflower  commemorative  set  in  sheets  of  50  different  stamps;  Marion  reviewed  the 
photos  for  the  USPS  book  published  to  accompany  the  stamps.  Two  of  her  photo¬ 
graphs,  one  of  bluets  and  the  other  of  rue  anemomes,  were  included  in  the  book: 
Wildflowers:  A  Collection  of  U.S.  Commemorative  Stamps. 
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To  many  of  her  associates  in  the  Academy,  Marion’s  most  noteworthy  contribution 
in  the  field  of  botany  has  been  her  work  over  the  past  two  decades  on  a  Virginia  Flora. 
The  most  recent  such  compendium  to  date  has  been  John  Clayton’s  classic  Flora 
Virginica,  published  in  1739.  Long  an  objective  of  the  Academy,  materials  for  a  new 
Flora  are  now  being  prepared  for  publication.  Marion  has  played  a  leading  role  in 
coordinating  a  variety  of  Virginia  scholars  and  organizations  to  bring  this  endeavor  to 
fruition  with  publication  scheduled  for  2007.  In  addition  to  co-chairing  the  Academy’s 
Virginia  Flora  Committee,  Marion  serves  on  the  Board  of  Directors  of  the  Virginia 
Flora  Project,  a  501  (c)3  corporation,  which  oversees  the  book’s  publication  and  solicits 
private  contributions  for  the  project.  It  is  fair  to  say  that  a  Virginia  Flora  would  never 
have  gotten  to  this  point  without  the  enduring  leadership  and  dedication  of  Marion 
Blois  Lobstein. 

An  exemplary  educator,  Marion  Lobstein  has  taught  in  the  Virginia  Community 
College  System  since  1974  when  she  began  teaching  at  the  Loudoun  campus  of 
Northern  Virginia  Community  College.  She  is  currently  Associate  Professor  at  NVCC, 
Manassas  Campus  where  she  has  taught  Biology  since  1976.  Other  teaching  positions 
include  the  University  of  Virginia’s  Blandy  Experimental  Farm  (since  1983)  and  the 
Smithsonian  Institution’s  Resident  Associates  Program. 

From  1997-99,  Marion  held  an  NVCC  Education  Foundation  Grant  to  direct 
students  in  the  production  of  a  CD-ROM  on  the  ecology  of  the  Chesapeake  Bay: 
“Welcome  to  the  Chesapeake  Bay:  an  Introduction  to  an  Ecosystem.”  She  was 
honored  as  Teacher  of  the  Year  by  the  NVCC  Alumni  Association  in  1990,  received 
the  Excellence  in  Teaching  Award  from  the  NVCC  Educational  Foundation  in  1993, 
and  was  named  to  Who ’s  Who  among  American  Teachers  in  1994,  1996,  and  1999.  In 
1993,  the  State  Council  for  Higher  Education  for  Virginia  honored  Marion  with  the 
SCHEV  Outstanding  Faculty  Award. 

An  active  member  of  the  Academy’s  Botany  Section,  Marion  has  served  as  Section 
Representative  to  Council  since  1992.  She  was  elected  Academy  Treasurer  in  1998, 
and  reelected  through  2001,  when  she  began  her  first  two  terms  as  the  Academy’s 
Vice-President.  She  has  served  on  the  VAS  Virginia  Flora  Committee  since  1996,  as 
a  member  of  the  Executive  Committee,  and  as  Program  Chair  for  the  80^*^  and  81^^ 
Annual  Meetings,  at  Hampton  University  and  the  University  of  Virginia,  respectively. 
In  1995  Marion  authored  the  Academy  Conference’s  “Resolution  on  the  Importance 
of  Laboratory  Work  in  Science  Education,” 

A  member  of  the  Botanical  Society  of  Washington  since  1984,  Marion  was  elected 
Vice  President  in  1987  and  President  in  1988.  She  has  worked  in  the  Virginia  Native 
Plant  Society  since  1983  including  terms  on  the  Board  of  Directors  and  Botany  Chair 
of  the  Prince  William  County  Chapter,  From  1998,  Marion  served  on  the  Boards  of 
Directors  of  the  Foundation  of  the  State  Arboretum  (Blandy  Experimental  Farm)  and 
the  Virginia  Association  for  Biological  Education.  Other  professional  memberships 
include  the  Southern  Appalachian  Botanical  Club  and  Nature  Conservancy. 

Marion  received  the  Bachelor  of  Science  in  Education  in  Biology  from  Western 
Carolina  University  in  1 968.  She  earned  the  MAT  with  a  concentration  in  Botany  from 
the  University  of  North  Carolina,  Chapel  Hill  in  1972  and  her  M.S.  in  Biology  from 
George  Mason  University  in  1984. 

Congratulations  to  Marion  Blois  Lobstein,  Fellow  of  the  Virginia  Academy  of 
Science. 
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BEST  STUDENT  PAPER  AWARDS  GIVEN  FOR 
THE  VAS  2003  ANNUAL  MEETING 


First  Place 

Astronomy,  Math,  and  Physics 

J.K.  Gambill 

George  Mason  University 

Honorable  Mention 

S.  Hearn 

James  Madison  University 

S.M.  Walsh 

James  Madison  University 

First  Place 

Biology 

Natasha  Wiles 

VPI  &  SU 

Honorable  Mention 

Amandeep  Bajwa 

Virginia  Commonwealth  University 

Christopher  Eninger 

George  Mason  University 

First  Place 

Botany 

Patricia  A.  Truman 

University  of  Richmond 

First  Place 

Education 

Karen  E.  Irving 

University  of  Virginia 

First  Place 

Natural  History  and  Biodiversity 

Greg  Murphy 

VPI  &  SU 

Honorable  Mention 

Julie  Boyles 

VPI  &  SU 

BEST  STUDENT  PAPER  AWARDS 
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First  Place 

Honorable  Mention 


Psychology 

Julie  Fitzer 

Washington  &  Lee  University 

Sulaiman  T.  Bah,  Enacio  A.  Freeman,  Elizabeth  S.  Martin, 
Lauren  K.  Burt,  Gayle  P.  Lentz,  Andrea  L.  Atwell, 

Brynn  A.  Wilmoth,  Cynthia  L.  Clifford,  Christina  E.  Oeming, 
and  James  P.  O’Brien 

Tidewater  Community  College,  Virginia  Beach 
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Creating  a  Geographical  Information  System 
for  Freshwater  Crabs  and  Fishes  in  Greece 

Eugene  G.  Maurakis^’  Walter  R.  T.  Witschey^ , 

Panos  S.  Economidis^  and  Dimitra  BoborP 

ABSTRACT 

A  geographical  information  system  (GIS)  for  freshwater  crabs  and  fishes  in 
Greece  was  created  in  response  to  the  European  Environmental  Agency’s 
(EEA)  biodiversity  initiative  for  European  Union  countries.  A  total  of  193 1 
collections,  made  with  seines,  dipnets,  and  backpack  electroshockers  in  32 
drainages  of  Greece,  yielded  126  species  of  fishes  and  crabs  in  2,359  data 
records  including  species,  latitude,  longitude,  drainage,  prefecture,  and  local¬ 
ity;  73 1  also  include  stream  order,  elevation,  gradient,  stream  width  and  depth, 
pH,  temperature,  and  distance  to  river  mouth.  Our  GIS  indicates  current 
distributions  of  species,  species  rich  and  poor  areas,  anomalous  species 
distributions,  areas  warranting  ftirther  sampling,  and  cogeneric  species  whose 
overlapping  ecological  distributions  call  for  taxonomic  and  phylogenetic 
investigation.  In  applied  studies,  the  freshwater  GIS  can  be  an  integral  tool 
for  EEA’s  biodiversity  inventory  of  the  southern  Balkan  peninsula,  an  inland 
fisheries  management  plan,  designs  for  environmental  impact  studies,  and 
conducting  gap  analyses  for  the  region. 

Keywords:  Greece,  aquatic  biodiversity,  geographical  information  system,  GIS 

INTRODUCTION 

Geographic  information  systems  (GIS)  are  being  used  to  protect  terrestrial  and 
aquatic  biodiversity  through  the  use  of  gap  analysis,  a  GIS  methodology  that  identifies 
distribution  of  biodiversity  over  large  spatial  areas  (Meixler  and  Bain,  1999).  Gap 
analysis  has  been  used  to  overlay  lands  in  parks  and  protected  wilderness  areas  (e.g. 
national  parks  and  preserves)  with  the  ranges  and  habitats  of  the  flora  and  faunas  in  the 
region  to  identify  unprotected  areas  rich  in  biodiversity,  particularly  endangered 
species.  Subsequently,  these  overlays  are  applied  to  direct  management  and  conser¬ 
vation  efforts  in  given  areas  (Meixler  and  Bain,  1999;  Scott  et  ah,  1993).  Recently, 
gap  analysis  has  been  used  by  aquatic  researchers  to  predict  aquatic  biodiversity  at  the 
community  and  species  levels  for  varying  spatial  scales  in  North  America  (Meixler  and 
Bain,  1999). 

Smith  and  Gillett  (2000)  used  gap  analysis  to  study  the  distribution  and  conserva¬ 
tion  status  of  European  temperate  forests  in  support  of  the  World  Wildlife  Fund’s  forest 
strategy  for  Europe.  However,  gap  analysis  has  not  become  part  of  the  European 
Environmental  Agency’s  (EEA)  protocol  for  freshwater  ecosystems. 

The  EEA  published  a  biodiversity  initiative  to  inventory,  identity  and  describe 
aquatic  and  terrestrial  species  in  European  Union  (EU)  countries  (Nixon  et  al.,  1996). 


1  Science  Museum  of  Virginia,  2500  W.  Broad  St,  Richmond,  VA  23220 

2  Biology  Dept.,  UR,  Richmond,  VA  23 1 73 

3  Zoology  Department,  Aristotle  University,  Thessaloniki  54006  Greece 
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To  date,  few  studies  exist  to  document  the  aquatic  life  in  Greece,  yet  the  country  is 
home  to  one  of  the  richest  freshwater  ichthyofauna  in  Europe  (126  fish  taxa:  97  species 
and  29  subspecies  of  primary  or  secondary  freshwater  fish  species)  (Maurakis  and 
Economidis,  2004).  Over  33  %  of  the  native  fish  fauna  in  Greece  is  imperiled  and/or 
extirpated  (two  extinct  fish  species,  five  listed  as  critically  endangered,  and  29  consid¬ 
ered  endangered  and/or  vulnerable)(Bobori  et  al,  2001).  Continued  decimation  of  fish 
populations  occurs  through  pollution,  introduction  of  exotic  species,  habitat  alteration 
(i.e.,  damming,  stream  channelization,  canalization,  riparian  destruction),  stream  des¬ 
iccation  (a  result  of  water  abstraction  for  crop  irrigation  and  potable  water  supplies), 
and  natural  perturbations  (e.g.  drought)  (Bobori,  et  al.,  2001;  Maurakis  and  Grimes, 
2003).  Four  species  of  freshwater  crabs  {Potamon  fluviatile,  Potamon  ibericum, 
Potamon  rhodium,  and  Potamon  potamios)  are  extant  in  Greece,  but  distributional 
information  for  the  species  is  limited,  as  many  areas  in  the  country  have  not  been 
sampled  (Maurakis  et  al.,  2004). 

In  response  to  the  EEA’s  biodiversity  initiative,  our  primary  objective  is  to  present 
the  first  geographical  information  system  for  freshwater  crabs  and  fishes  in  Greece. 
Ancillary  objectives  are  to  outline  the  use  of  a  GIS  in  Greece  and  the  southern  Balkan 
peninsula,  and  to  identify  other  sources  of  data  that  can  be  incorporated  into  the  GIS 
for  freshwater  crabs  and  fishes  in  Greece. 

STUDY  AREA 

Lotic  freshwater  systems  in  Greece  (132,000  km^;  cf  Virginia^  1 10,800  km^)  are 
relatively  harsh  environments  with  limited  water  budgets  as  a  result  of  the  country’s 
complicated  geological  history,  and  Mediterranean  climate  with  low  annual  rainfall 
(Hadjibiros  et  al.,  1998;  Gretes  and  Maurakis,  2001).  Quaternary  geomorphological 
alterations  and  regional  macroclimatic  variations  have  contributed  to  relatively  short 
(maximum  length=~320  km  for  the  Aliakmon  River  in  Greece),  alkaline  river  drain¬ 
ages  in  Greece  (Hadjibiros  et  al.,  1998;  Maurakis  et  al.  2001,  Skoulikidis  et  al.,  1998). 
Over  85  %  of  freshwater  resources  are  derived  from  surface  waters;  greater  than  80  % 
of  total  surface  discharge  (35  billion  m^)  originates  from  eight  drainages  (Kalamas, 
Arachthos,  Acheloos,  Aliakmon,  Axios,  Strymon,  Nestos,  and  Evros)(OECD, 
2000)(Fig.  1).  Subterranean  aquifers  supply  ~  40  %  of  irrigation  waters  (Skoulikidis 
et  al,  1998).  During  the  past  two  decades,  surface  runoff  has  decreased  significantly 
and  has  resulted  in  numerous  permanent  rivers  becoming  xeric  during  the  dry  season 
often  leaving  a  series  of  pools  not  interconnected  through  surface  flows,  and  water 
supplies  barely  meeting  potable  and  irrigation  requirements  in  parts  of  the  country 
(Skoulikidis  et  al.,  1998). 

MATERIALS  AND  METHODS 

A  total  of  2,359  data  records  for  122  fish  species  and  four  crab  species  by  latitude, 
longitude,  drainage,  prefecture,  and  locality  were  obtained  from  32  freshwater  systems 
from  collections  made  by  Aristotle  University  (1,568  records)  and  Science  Museum 
of  Virginia  (791  records)  and  stored  as  a  dBase  file  (.dbf  format).  Latitude  and 
longitude  were  derived  from  a  Garmin  e-Map  GPS  or  by  identifying  collection 
localities  on  Garmin’ s  MapSource™  WorldMap,  version  3.0.  Of  this  total,  731  data 
records  also  included  information  for  stream  order  (1, 2,  3, 4,  5),  elevation  (m),  stream 
gradient  (m/km),  stream  width  (m),  stream  depth  (m),  pH,  water  temperature  (®C),  and 
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FIGURE  1.  Major  freshwater  drainages,  lakes  and  aquatic  systems  in  Greece.  1.  Evros  River,  2.  Filiouris 
River,  3.  Lake  Vistonis,  4.  Nestos  River,  5.  Strymon-Aggitis  River,  6.  Lake  Koronia  and  Lake  Volvi  system; 
7.  Gallikos  River.  8.  Axios  River  and  Lake  Doirani,  9.  Loudias  River,  10.  Lake  Vegoritis,  1 1.  Lake  Prespa 
system,  12.  Aliakmon  River  and  Lake  Orestias  (Kastoria),  13.  Pinios  River  (Thessaly),  14.  Lake  Karla  and 
Velestino  Springs,  15.  Sperchios  River,  16.  Lakes  Yliki  and  Paralimni  and  Kifissos  River  system,  17.  Lake 
Stymphalia,  18.  Evrotas  River,  19.  Pamisos  River,  20.  Nedas  River,  21.  Alphios  River,  22.  Pinios  River 
(Peloponnesos),  23.  Mornos  River,  24.  Evinos  River,  25.  Acheloos  River  and  Lakes  Trichonis-Ozeros-Am- 
vrakia  and  reservoirs  Stratos-Kastraki-Kremasta-Tavropos,  26.  Arachthos  River,  27.  Louros  River,  28. 
Aheron  River,  29.  Lake  Pamvotis  (loannina),  30.  Kalamas  River,  and  31.  Aoos  River. 


river  kilometer  (km),  the  distance  between  each  collecting  location  and  its  correspond¬ 
ing  river  mouth.  ESRI’s  “Digital  Chart  of  the  World”  1:1,000,000  (ESRI  1999)  was 
used  to  generate  base  map  data  themes  (e.g.  political  boundaries  and  oceans,  elevation 
zones,  drainage,  populated  places,  land  cover  types,  and  utilities)  of  towns,  roads, 
shorelines,  water  features,  railroads,  elevations  and  landform  data.  Arcview  GIS  3.2 
was  used  to  create  themes  (e.g.  single  or  multiple  species)  and  to  plot  species  distribu¬ 
tions  relative  to  ERSEs  base  layer  data.  Governmental  organizations  (GOs;  Greek 
Ministry  of  Environment,  Physical  Planning  and  Public  Works,  Hdlenic  Center  for 
Marine  Research-Institute  of  Inland  Waters,  and  University  of  Athens,  University  of 
Crete,  University  of  loannina.  National  Technical  University)  and  non-governmental 
organizations  (NGOs:  Greek  Biotope/Wetland  Center)  were  surveyed  to  identify  the 
informational  content  of  their  holdings  of  freshwater  crabs  and  fishes  that  could  be 
included  in  the  GIS  (Table  1). 


142 


VIRGINIA  JOURNAL  OF  SCIENCE 


TABLE  1 .  Number  and  percent  (%)  of  collections  of  freshwater  crabs  and  fishes  of  Greece  housed  in  Greek 
governmental  and  non-governmental  institutions,  and  Science  Museum  of  Virginia. 


Organization 

Collections 

#  % 

Aristotle  University  and  Science  Museum  of  Virginia 

1931 

82.5 

Greek  Biotope/ Wetlands  Center 

135 

5.8 

National  Technical  University 

127 

5.4 

Hellenic  Center  for  Marine  Research-Institute  of  Inland  Waters 

101 

4.3 

University  of  Athens 

47 

2.0 

University  of  loannina 

0 

0 

University  of  Crete 

0 

0 

Ministry  of  Public  Works,  Planning,  and  Environment 

0 

0 

Total 

2341 

100 

RESULTS  AND  DISCUSSION 

Our  GIS  for  freshwater  crabs  and  fishes  in  Greece  is  the  first  attempt  to  organize 
and  present  distributions  of  aquatic  species  in  freshwaters  of  the  country.  Attributes  of 
a  GIS  (i.e.,  the  ability  to  interactively  query  and  spatially  analyze  biotic  data  relative 
to  other  data  types  such  as  physiographic,  demographic,  and  land  cover)  can  be  used 
effectively  to  promote  data  sharing,  enhance  communication  among  widely  disparate 
disciplines,  and  facilitate  decision-making  in  an  EU  country  where  communication 
among  governmental  and  non-governmental  agencies  historically  has  been  poor 
(Bobori  et  ah,  2001).  For  example,  Greece  has  no  national  action  plan  for  inland, 
waters,  habitats,  and  fisheries  coupled  with  an  action  plan  for  terrestrial  ecosystems, 
and  domestic  and  tourism  development  (Bobori  et  al.,  2001).  Further,  unsustainable 
agricultural  policies,  and  water  and  soil  resource  schemes  have  resulted  in  loss  of  75 
%  of  wetlands  in  Greece  since  1900  (OECD,  2000).  A  GIS  that  contains  distributions 
of  aquatic  species  in  Greece’s  freshwater  environs  is  the  first  requisite  step  in  creating 
a  national  action  plan  in  a  country  where  natural  perturbations  (e.g.  droughts)  and 
increased  anthropogenic  influences  (i.e.,  water  abstraction,  canalization,  stream  chan¬ 
nelization,  damming,  introduction  of  exotic  species,  and  agricultural,  industrial,  and 
municipal  waste  inputs)  on  freshwater  resources  have  become  more  intense  over  the 
past  40  years  (Bobori,  1996;  Hadjibiros  et  al.,  1998;  Lekakis,  1998;  Economidis  et  al., 
2000;  Economou  et  al.,  1999;  OECD,  2000). 

From  our  survey  of  organizations  with  data  on  freshwater  crabs  and  fishes  in 
Greece,  we  identified  4 1 0  collections  (17.5  %  of  our  total  number  of  collections)  made 
by  seven  Greek  GOs  and  NGOs  that  can  be  integrated  with  our  GIS  (Table  1).  We  are 
working  with  Greek  colleagues  to  overcome  the  primary  problem  with  some  of  these 
data:  the  absence  of  exact  descriptions  of  where  collections  were  made,  which  pre¬ 
cludes  assigning  latitude  and  longitude  coordinates  and  inclusion  of  the  data  in  our 
GIS. 

A  GIS  of  freshwater  species  in  Greece  has  the  potential  to  contribute  significant 
information  and  analyses  in  several  areas.  For  example,  from  a  biological  function,  a 
freshwater  biotic  GIS  can  expose  un-surveyed  areas  warranting  biological  reconnais¬ 
sance  surveys;  clarify  anomalous  species  distributions;  identify  species  poor  and 
species  rich  areas;  and  specify  cogeneric  species  whose  overlapping  ecological  distri- 
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butions  call  for  taxonomic  and  phylogenetic  investigation.  For  example,  Maurakis  et 
al.  (2004)  identified  eight  relatively  large  areas  that  have  not  been  surveyed  among  the 
current  distributional  ranges  of  the  four  species  of  Potamon  in  Greece  (Fig.  2). 
Identifying  which  species  of  Potamon  exist  in  these  areas  is  relevant  to  testing 
biogeographical  hypotheses  and  evaluating  environmental  policies.  We  also  identified 
anomalous  distributions  of  some  Barbus  species  (e.g,  Barbus  plebejus,  Barbus 
meridionalis,  and  Barbus  sp.)  in  Greece,  which  points  to  a  re-examination  of  specimens 
of  suspect  identifications  in  museum  holdings  (Fig.  3).  For  example,  Barbus  plebejus 
is  restricted  to  the  Adriatic  drainage  of  Italy  and  Croatia;  Barbus  meridionalis  occurs 
only  in  southern  France  and  northeastern  Spain  (Kottelat,  1997);  and  the  Barbus  sp. 
should  be  identified  if  specimen  condition  and  size  permit.  Relative  to  species-poor 
areas,  the  GIS  can  distinguish  areas  that  have  low  species  diversity  from  those  (e.g. 
higher  elevations  of  Pindus  mountain  range)  that  have  been  sampled  inadequately 
(Figs.  1  and  4). 

Our  GIS  is  being  applied  to  other  studies.  For  example,  Maurakis  and  Economidis 
(2003)  are  using  the  freshwater  biotic  GIS  as  the  source  to  create  distributional  maps 
of  fishes  as  they  update  their  classification  key  when  new  species  are  described  and 
relationships  and  taxonomic  status  of  others  (e.g.  Cobitis  species)  are  clarified  (Fig.  5). 
Results  of  phylogentic  investigations  and  known  distributions  of  species  of  Cobitis 
indicate  two  waves  of  dispersal  of  cobitid  ichthyofaunas  from  Danubian  drainages  (Fig. 
6),  which  is  not  supported  by  cladistic  analyses  of  relationships  of  river  drainages  in 
the  southern  Balkan  peninsula  based  on  distributions  of  cyprinid  species  (Maurakis  et 
al,  2001).  Reexamination  and  clarification  of  distributions  of  all  species  via  GIS  also 
will  provide  an  independent  means  to  check  distributions  prior  to  further  hypothesis 
testing  of  conflicting  conclusions  of  biogeographic  ichthyofaunal  divisions  of  the 
Balkan  Peninsula  of  Maurakis  et  al.  (2001)  and  Maurakis  and  Economidis  (2001)(Figs. 
7  and  8)  based  on  cladistic  methods  versus  those  by  Economidis  and  Banarescu  (1991) 
and  Bianco  (1990)  based  on  traditional  evolutionary  methodologies. 

In  applied  studies,  the  freshwater  GIS  will  be  an  integral  tool  for  EEA’s  biodiversity 
inventory  of  the  southern  Balkan  peninsula,  and  in  developing  an  inland  fisheries 
management  plan  (including  environmental  impact  studies)  proposed  by  Bobori  et  al. 
(2001).  For  example,  our  GIS  data  records,  including  locations  of  36  freshwater  fishes 
considered  extinct,  endangered,  threatened  and  vulnerable  in  Greece,  can  be  used  as 
guides  to  create  refuges,  off  limits  to  further  development.  Secondly,  the  GIS  is 
applicable  in  designing  pre-  and  post-environmental  impact  studies  in  areas  being 
considered  for  domestic  and  tourism  growth.  Studies  by  Johnson  and  Gage  (1997), 
who  applied  GIS  in  studies  relating  landscape  attributes  to  aquatic  ecosystem  structure 
and  health  and  those  by  Griffith  (2002),  employing  GIS  techniques  coupled  with  recent 
applications  of  remote  sensing  to  landscape-water  quality  studies,  might  serve  as 
prototypes  for  future  studies  in  Greece. 

Mediterranean  climate,  archaeology,  varied  aquatic  and  terrestrial  landscapes,  and 
the  natural  environment’s  rich  biodiversity  in  Greece  have  supported  economic  growth 
and  tourism  in  the  country  (Bobori  et  al.,  2001).  Without  a  national  action  plan  that 
links  terrestrial  and  aquatic  environmental  health  to  economic  development,  much  of 
the  biodiversity,  integral  to  attracting  tourists,  may  be  lost  before  a  GIS  and  gap  analysis 
of  all  aquatic  resources  can  be  completed  and  applied  to  a  policy  of  sustainable  growth. 
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Potamon  fluviatlle 
Potamon  ibaricum 
Potamon  potamios 
Potamon  rhodium 


FIGURE  2.  Distribution  of  species  of  Potamon  in  Greece  from  collections  of  Aristotle  University  and 
Science  Museum  of  Virginia. 
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FIGURE  3 .  Distribution  of  species  of  Barbus  in  Greece  from  collections  of  Aristotle  University  and  Science 
Museum  of  Virginia. 
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Coll3ction  location 


FIGURE  4.  Distribution  of  collection  locations  of  freshwater  crabs  and  fishes  from  Aristotle  University  and 
Science  Museum  of  Virginia. 


ik  Cobttls  arachthosensis 
^  Cobitis  helfenica 
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O  Cobitis  strumicae 
A  Cobitis  trichonica 
^  Cobitis  vardarensis 


FIGURE  5 .  Distribution  of  species  of  Cobitis  in  Greece  from  collections  of  Aristotle  University  and  Science 
Museum  of  Virginia. 
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S  doiranica 
S  thrakica 
C  vardarensis 
C  stephanidisi 
C  meridionalis 
C  trichonica 
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FIGURE  6.  Cladogram  (CI=90;  RI=95)  of  relationships  among  species  of  Cobitis  in  Greece  derived  from 
collections  of  Aristotle  University  and  Science  Museum  of  Virginia.  Sabanejewia  aurata  doiranica  and 
Sabanejewia  aurata  thrakica  comprise  the  out-group. 
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FIGURE  7.  Cladogram  (CI=90;  RI=95)  of  relationships  of  major  river  drainages  of  mainland  Greece  adapted 
from  Maurakis  et  al.  (2001).  Danube  River  is  out-group. 
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FIGURE  8.  Biogeographic  divisions  derived  from  relationships  of  major  river  drainages  on  mainland  Greece 
adapted  from  Maurakis  et  al.  (2001). 
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ABSTRACT 

Objectives  were  to  test  the  hypothesis  that  stream  order  and  stream  width 
alone  account  for  species  diversity  in  drainages  of  Greece,  and  to  create  a 
mathematical  model  that  predicts  fish  diversity  in  small  and  medium  sized 
freshwater  streams  in  the  southern  Balkan  Peninsula  in  accord  with  the  stream 
classification  system  proposed  by  the  European  Environmental  Agency 
(EEA).  Thirty-seven  species  of  fishes  in  12  families  (Petromyzontidae,  An- 
guillidae,  Cyprinidae,  Cobitidae,  Balitoridae,  Mugilidae,  Salmonidae,  Peo- 
ciliidae,  Gasterosteidae,  Moronidae,  Centrarchidae,  and  Blenniidae)  were 
collected  in  five  stream  orders  (1-5)  from  19  river  drainages  in  Greece  in  1993 
and  from  2000-2002.  Numbers  of  species  were  significantly  correlated  with 
stream  order  (+),  width  (+),  and  depth  (+),  and  elevation  (-).  Results  of 
stepwise  regression  indicated  that  stream  order,  elevation,  stream  depth,  and 
river  km  were  significant  factors  associated  with  ichthyofaunal  diversity,  and 
were  used  to  create  a  regression  model  to  predict  species  diversity  (up  to  5^^ 
order  streams).  We  conclude  that  geo-specific  factors  (i.e.,  small,  isolated 
drainages  with  limited  water  budgets,  geological  history,  dry  climate,  and  low 
annual  rainfall)  should  be  included  in  the  EEA  monitoring  design  for  lotic 
waters  in  harsh  environments  of  southern  Mediterranean  countries  as  these 
features  differ  from  those  of  central,  eastern,  and  northern  European  countries 
with  larger  watersheds. 


INTRODUCTION 

Gretes  and  Maurakis  (2001)  examined  relationships  between  fish  species  diversity 
and  physiochemical  features  of  freshwater  streams,  and  hypothesized  that  stream  order 
and  stream  width  alone  were  the  significant  factors  accounting  for  species  diversity 
based  on  collections  from  four  drainages  (Strymon-Aggitis,  Axios,  Aliakmon,  and 
Aoos)  in  Greece.  Their  study  is  significant  as  it  is  the  first  attempt  to  systematically 
examine  fish  diversity  relative  to  the  physiochemical  environment  of  lotic  waters  in 
small,  isolated  drainages  in  Greece.  Lotic  freshwater  systems  in  Greece  are  relatively 
harsh  environments  with  limited  water  budgets  as  a  result  of  the  country’s  complicated 
geological  history,  and  dry  climate  with  low  annual  rainfall  (Hadjibiros  et  al.,  1998; 
Gretes  and  Maurakis,  2001).  Studies  by  Gretes  and  Maurakis  (2001)  and  Economou 
et  al.  (1999),  who  investigated  fish  species  diversity  in  streams  of  western  Greece,  may 
have  significant  implications  for  European  Environmental  Agency  (EEA)  stream 
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biodiversity  policies,  monitoring  guidelines,  and  management  programs.  For  example, 
EEA  recently  formulated  a  freshwater  stream  monitoring  program  and  a  biodiversity 
initiative  to  inventory,  identify  and  describe  aquatic  and  terrestrial  species  in  European 
Union  (EU)  countries  (Nixon  et  al.,  1996).  Data  from  Gretes  and  Maurakis  (2001)  and 
Economou  et  al.  (1999)  can  be  used  to  create  the  requisite  baseline  for  future  biodiver¬ 
sity  inventories,  water  quality  assessments,  environmental  impact  statements,  and  a 
host  of  other  ecological  studies.  However,  EEA  guidelines  for  collecting  these  baseline 
data  are  applied  to  all  countries  of  the  EU  without  consideration  to  unique  geo-specific 
factors  (e.g.  semi-arid  conditions  and  small  drainage  areas)  that  occur  in  southern 
European  countries  such  as  Greece.  In  Greece,  there  is  a  paucity  of  ecological  and 
distributional  data  for  fishes  in  lotic  freshwater  streams,  many  of  which  annually 
experience  significant  natural  and  anthropogenic  perturbations  (e.g.  desiccated  stream 
beds  in  summer,  water  extraction  for  irrigation,  and  pollution)(Bobori,  et  al.,  2001, 
Hadjibiros  et  al.,  1998).  Natural  perturbations  (e.g.  droughts)  and  anthropogenic 
influences  (i.e.,  water  extraction,  canalization,  channelization,  damming,  introductions 
of  exotic  species,  and  agricultural,  industrial,  and  municipal  waste  inputs)  on  freshwa¬ 
ter  resources  have  become  more  pervasive  over  the  past  40  years,  resulting  in  elimina¬ 
tion  and  degradation  of  surface  water  resources  and  aquatic  habitats  in  Greece  (Bobori 
1996;  Bobori  et  al.,  2001;  Hadjibiros,  et  al.,  1998;  Lekakis,  1998;  Economidis  et  al., 
2000;  Economou  et  al.,  1999;  OECD,  2000).  These  perturbations  have  fragmented  and 
otherwise  altered  freshwater  fish  habitats  and  communities  and  led  to  extirpation  of 
some  native  species  in  both  lotic  and  lentic  environs  (Economidis,  1995;  Economou  et 
al.,  1999;  Hadjibiros,  1998;  Lekakis,  1998;).  Currently,  Greece  is  without  a  national 
action  plan  to  monitor  and  manage  aquatic  resources  (i.e.,  aquatic  habitats,  threatened 
fishes,  and  inland  fisheries)(Bobori  et  al.,  2001;  Economidis,  1995;  Economou  et  al., 
1999;  Hadjibiros,  1998;  Lekakis,  1998;  OECD,  2000). 

Our  first  objective  is  to  test  the  hypothesis  of  Gretes  and  Maurakis  (2001)  that 
stream  order  and  stream  width  alone  account  for  species  diversity  with  a  more  robust 
set  of  data  that  includes  collections  from  previously  sampled  drainages  (i.e.,  Aliakmon, 
Aoos,  Axios,  and  Strymon-Aggitis)  and  from  15  additional  drainages  (Piros-Tethreas, 
Pinios,  Alphios,  Pamisos,  and  Evrotas  of  Peloponnesos;  Kalamas,  Aheron,  Louros, 
Arachthos  of  Epiros;  Acheloos,  Evinos,  Sperchios  and  Kifissos  of  Sterea  Hellas;  and 
Gallikos  and  Loudias  of  Macedonia)(Fig.  1).  Our  second  objective  is  to  present  a 
mathematical  model  that  predicts  fish  diversity  in  small  and  medium  sized  freshwater 
streams  in  the  southern  Balkan  Peninsula  in  accord  with  the  stream  classification 
system  proposed  by  the  EEA. 

MATERIALS  AND  METHODS 

Fishes  were  collected  with  a  1.2  x  3  m  seine  (stretch  mesh=0.64  cm),  a  12  Volt 
Smith-Root  Model  VII  DC  backpack  electroshocker  or  a  24  Volt  Smith-Root  Model 
backpack  electroshocker  in  June  and  July,  1993,  and  from  June- July  in  2000,  2001, 
and  2002  along  with  physiochemical  stream  data  (Table  1).  Fishes  were  preserved  in 
10  %  formalin  except  for  six  collections  preserved  in  70  %  ethanol  and  were  deposited 
in  the  Ichthyology  Laboratory  of  Aristotle  University  (Greece)  and  University  of 
Richmond  (USA).  Collection  data  from  2000  are  presented  in  Gretes  and  Maurakis 
(2001)  and  those  from  1993  and  2001-2002  in  Appendix  1.  Methods  for  identifying 
stream  order,  gradient  (m/km),  elevation  (m),  stream  width  (m),  stream  depth  (m),  pH, 
water  temperature  (®C),  river  kilometer  (km),  and  Jaccard  Coefficient  follow  those  in 
Gretes  and  Maurakis  (2001). 
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TABLE  1 .  Drainage,  collection  number,  stream  order,  elevation  (m),  stream  width  (m),  stream  depth  (m), 
gradient  (m/km),  water  temperature  (°C),  and  river  kilometers  from  mouth  to  collection  location  in  the 
Acheloos,  Aheron,  Aliakmon,  Aoos,  Arachthos,  Axios,  Evinos,  Gallikos,  Kalamas,  Kifissos,  Loudias, 
Louros,  Sperchios,  and  Strymon-Aggitis  drainages  on  mainland  Greece,  and  the  Alphios,  Evrotas,  Pamisos, 
Pinios,  and  Piros  drainages  in  Peloponnesos  (P),  Greece  in  1993  and  from  2000-2002. 

Correlation  analyses  (SAS,  2002)  were  performed  to  determine  significant  relation¬ 
ships  among  numbers  of  species,  stream  order,  elevation,  stream  width,  stream  depth, 
gradient,  pH,  water  temperature  and  river  kilometer  in  individual  and  combined 
drainages.  A  General  Linear  Model  followed  by  Duncan’s  Multiple  Range  Test  (SAS, 
2002)  was  used  to  determine  significant  differences  among  average  numbers  of  species 
and  Jaccard  Coefficients  per  stream  order.  Multiple  stepwise  regression  (forward  entry 
at  p==0.15  and  backward  elimination,  SAS,  2002)  was  used  to  determine  factors 
accounting  for  significant  variation  in  species  diversity.  Backward  stepwise  regression 
began  with  all  stream  factors  in  the  model  and  removed  the  least  significant  ones  until 
all  remaining  terms  were  statistically  significant.  The  backward  elimination  method 
drops  factors  whose  deletions  causes  the  smallest  decrease  in  R^. 

RESULTS 

A  total  of  37  species  was  collected  in  five  stream  orders  (1,  2,  3,  4,  and  5)  from  19 
river  drainages  in  Greece  in  1993  and  from  2000-2002  (Tables  2a-c;  Gretes  and 
Maurakis,  2001).  Twenty-six  species  (10  families:  Petromyzontidae,  Anguillidae, 
Cyprinidae,  Cobitidae,  Mugilidae,  Salmonidae,  Moronidae,  Peociliidae,  Gasterostei- 
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Drainage  Collection  Order  Elevation  Width  Depth  pH  Gradient  Temp  River  km 

Number  (m)  (m)  (m)  (m/km)  (®C)  (km) 
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Acheloos  523  1  902.2  2.5  0.06  8.0  6.7  13.9  135.6 

Acheloos  524  1  896.1  6.0  0.20  8.0  6.8  15.6  132.5 

Gallikos  459  4  62.5  6.0  0.15  .  3.2  19.5  19.8 

Gallikos  460  4  49.4  11.0  0.45  .  2.2  21.1  22.2 

Loudias  463  4  27.1  12.8  0.50  .  0.0  17.0  61.2 
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TABLE  2a.  Presence  (1)  and  absence  (blank)  of  species  by  drainage  and  stream  order  collected  in  Aileron, 
Arachthos,  Evinos,  Kdamas,  Louros,  KifFisos,  and  Sperchios  drainages  of  Greece,  1993  and  2000-2002. 


Aheron 

Arachthos 

Evinos 

Kalamas 

Louros  Kiffisos 

Sperchios 

Species  Order 

1 

1  2  3 

4 

1 

2  3 

3 

3 

2  4  5 

Anguilla  anguilla 

1 

Alburnoides  bipunctatus 

1  1  1 

Carassius  gibelio 

1 

1 

Barbus  albanicus 

1 

1 

1 

Barbus  cyclolepis 

1  1  1 

Barbus  graecus 

1 

1 

Barbus  peloponnesius 

1 

1 

1 

1  1 

1  1 

1 

1 

Leuciscus  cephalus 

1 

1 

1  1 

1  1 

1 

1 

1 

Leuciscus  cf.  svallize 

1 

1 

Phoxinellus  pleurobipunctatus 

1 

1 

1 

1  1 

1  1 

1 

1 

Pseudophoxinus  boeticus 

1 

Pseudophoxinus  stymphalicus 

1 

1 

1 

1  1 

Rutilus  ylikiensis 

1 

1 

Scardinius  graecus 

1 

Tinea  tinea 

1 

Cobitis  arachthosensis 

1 

Mugil  cephalus 

1 

Salmo  trutta 

1 

1 

1 

Gambusia  holbrooki 

1 

Salaria  fluviatilis 

1 

Gasterosteus  aculeatus 

1 

TOTAL 

4 

5  4  6 

3 

4 

5  6 

6 

7 

3  3  5 

TABLE  2b.  Presence  (1)  and  absence  (blank)  of  species  by  drainage  and  stream  order  collected  in  Piros, 
Pinios,  Alphios,  Pamisos,  and  Evrotas  drainages  of  Greece,  1993  and  2000-2002. 


Piros 

Pinios 

Alphios 

Pamisos 

Evrotas 

Species  Order 

1 

2 

2 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

Fetromyzon  marinus 

1 

Anguilla  anguilla 

1 

1 

1 

1 

1 

Carassius  gibelio 

1 

Cyprinus  carpio 

1 

Barbus  albanicus 

1 

1 

Barbus  peloponnesius 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Leuciscus  cephalus 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Leuciscus  keadicus 

1 

1 

Leuciscus  cf.  svallize 

1 

Phoxinellus  pleurobipunctatus 

1 

1 

1 

1 

1 

Pseudophoxinus  stymphalicus 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Tropidophoxinellus  spartiaticus 

1 

1 

1 

1 

1 

1 

Mugil  cephalus 

1 

Salmo  trutta 

1 

Dicentrarchus  labrax 

1 

Gambusia  holbrooki 

1 

1 

1 

Salaria  fluviatilis 

1 

1 

1 

TOTAL 

4 

3 

3 

4 

5 

8 

11 

4 

5 

7 

2 

3 

4 
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TABLE  2c.  Presence  (1)  and  absence  (blank)  of  species  by  drainage  and  stream  order  collected  in  Gallikos, 
Loudias,  and  Acheloos  drainages  of  Greece  from  2000-2002. 


Gallikos 

Loudias 

Acheloos 

Species  Order 

4 

5 

4 

1 

Anguilla  anguilla 

1 

1 

1 

Alburnoides  bipunctatus 

1 

Carassius  gibelio 

1 

Cyprinus  carpio 

1 

1 

Barbus  peloponnesius 

1 

1 

1 

Gobio  gobio 

1 

1 

1 

Pseudophoxinus  stymphalicus 

Pachychilon  macedonicum 

1 

Gambusia  holbrooki 

1 

1 

1 

Rhodeus  serriciis 

1 

1 

Phoxinus  phoxinus 

1 

TOTAL 

4 

6 

10 

0 

dae,  and  Blenniidae)  were  collected  in  the  present  study  from  the  following  drainages: 
Piros-Tethreas,  Pinios,  Alphios,  Pamisos,  and  Evrotas  of  Peloponnesos;  Kalamas, 
Aheron,  Louros,  Arachthos  of  Epiros;  Acheloos,  Evinos,  Sperchios  and  Kifissos  of 
Sterea  Hellas;  and  Gallikos  and  Loudias  of  Macedonia;  and  1 1  species  (six  families: 
Anguillidae,  Cyprinidae,  Cobitidae,  Balitoridae,  Salmonidae,  and  Centrarchidae)  were 
collected  in  Strymon-Aggitis,  Axios,  Aliakmon,  and  Aoos  drainages  in  Gretes  and 
Maurakis  (2001).  Species  diversity  was  significantly  correlated  with  stream  order  (+), 
width  (+),  and  depth  (+),  and  elevation  (-)  (Table  3).  Stream  order  was  significantly 
correlated  with  stream  width  (+),  stream  depth  (+),  pH  (+),  elevation  (-),  and  stream 
gradient  (-)  (Table  3).  Average  number  of  species  (6.5)  in  stream  order  5  was 
significantly  greater  than  those  (range  1 .84-4.4)  in  stream  orders  1,  2  and  3  (Table  4). 
Average  number  (4.8)  of  species  in  stream  order  4  was  significantly  greater  than  that 
(1 .84)  in  stream  order  1  (Table  4).  Jaccard  index  values  between  stream  order  pairs  (1 
&2,  1&3,  1&4,  1&5;2&3,2&4, 2&5;  and  3  &  4, 3  &  5)  decreased  progressively 
with  increased  distance  downstream  (Table  5).  Percent  (66.7)  of  shared  species  in 
stream  order  pair  1  &  1  was  significantly  greater  than  those  (range=25.0-27.2)  in  stream 
order  pairs  1  &  5  and  1&  4  (Table  6).  Similarly  percent  (69.3)  of  shared  species  in 
stream  order  pair  2  &  2  was  significantly  greater  than  those  (range=29.2-43 .6)  in  stream 
order  pairs  2  &  5  and  2  &  4  (Table  6).  Percent  (64.5)  of  shared  species  in  stream  order 
pair  3  &  3  was  significantly  greater  than  that  (22.3)  in  stream  order  pair  3  &  5  (Table 
6).  Results  of  stepwise  regression  indicated  that  stream  order,  elevation,  stream  depth, 
and  stream  length  (river  km)  were  significant  factors  accounting  for  species  diversity 
(numbers  of  species)  (Table  7).  These  four  factors  and  the  intercept  (1.43217)  were 
used  to  create  a  model  to  predict  species  diversity  where  (Table  7): 

Diversity  ==  (1.43217*slope)  +  (0.87356*order)  +  (-0.00273  *elevation) 

+  (1.76413*  depth)  +  (0.00525*river  km) 

Number  of  species  predicted  by  the  model  compare  well  with  average  number  of 
species  calculated  from  collections  in  stream  orders  1-5  (Table  8)  with  one  exception. 
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TABLE  4.  Results  of  Duncan’s  multiple  range  test  (SAS,  2002)  for  average  number  of  species  per  stream 
order  in  combined  river  drainages  (Acheloos,  Aheron,  Aliakmon,  Aoos,  Arachthos,  Axios,  Evinos,  Gallikos, 
Kalamas,  Kifissos,  Loudias,  Louros,  Sperchios,  Strymon-Aggitis  on  mainland  Greece,  and  the  Alphios, 
Evrotas,  Pamisos,  Pinios,  and  Piros  in  Peloponn^os,  Greece,  1993  aid  2000-2002. 


Stream  Order  1 

2 

3 

4 

5 

Average  #  Species  1.84 

3.07 

4.4 

4.8 

6.5 

F=13.57 

p>F=0.0001 

df^97 

TABLE  5.  Results  of  Jaccard  Index  tests  by  stream  order  pair  for  all  combined  drainages  (Acheloos,  Aheron, 
Aliakmon,  Aoos,  Arachthos,  Axios,  Evinos,  Gallikos,  Kalamas,  Kifissos,  Loudias,  Louros,  Sperchios, 
Strymon-Aggitis)  on  mainland  Greece,  and  the  Alphios,  Evrotas,  Pamisos,  Pinios,  and  Piros  in  Peloponnesos, 
Greece,  1993  and  2000-2002. 


Order  pair  n 

Average 

Jaccard 

Std.Dev. 

Min 

Max 

Range 

1-1 

3 

66.67 

28.87 

50.00 

100.00 

50.00 

1-2 

20 

49.38 

20.52 

20.00 

80.00 

60.00 

1-3 

21 

44.98 

15.66 

20.00 

75.00 

55.00 

1-4 

5 

27.20 

9.39 

17.00 

36.00 

19.00 

1-5 

2 

25.00 

1.41 

24.00 

26.00 

2.00 

2-2 

7 

70.14 

16.54 

50.00 

100.00 

50.00 

2-3 

23 

62.70 

18.52 

30.00 

100.00 

70.00 

2-4 

7 

43.63 

3.63 

38.00 

50.00 

12.00 

2-5 

2 

29.15 

5.87 

25.00 

33.30 

8.30 

3-3 

6 

60.17 

24.26 

33.00 

100.00 

67.00 

3-4 

5 

50.50 

9.07 

38.50 

58.00 

19.50 

3-5 

3 

22.33 

2.52 

20.00 

25.00 

5.00 

4-5 

1 

60.00 

60.00 

60.00 

0 

The  absolute  difference  between  predicted  (2.02)  and  actual  (1 .84)  numbers  of  species 
in  stream  order  1  was  significant  (t=2.69;  p=0.01 16). 

DISCUSSION 

We  do  not  agree  with  Gretes  and  Maurakis  (2001)  that  stream  order  and  stream 
width  alone  account  for  fish  species  diversity  in  freshwater  streams  in  Greece.  Rather, 
our  stepwise  multiple  regression  analyses  of  a  significantly  more  robust  data  set  (four 
times  greater  than  theirs)  indicate  that  four  factors  (stream  order,  elevation,  stream 
depth,  and  river  km)  account  for  fish  species  diversity  in  freshwater  systems  we  studied 
in  Greece  (Table  7).  As  in  Gretes  and  Maurakis  (2001),  stream  order  remains  the  most 
significant  factor,  but  their  other  factor,  stream  width,  is  not  a  significant  variable  in 
the  regression  analysis  that  accounts  for  species  diversity.  Instead,  elevation,  stream 
depth,  and  river  km  (distance  from  collecting  site  to  mouth  of  receiving  river)  in 
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TABLE  6.  Results  of  Duncan’s  multiple  range  test  (SAS,  2002)  for  average  Jaccard  value  by  stream  order 
pair  comparison  in  combined  river  drainages  (Acheloos,  Aheron,  Aliakmon,  Aoos,  Arachthos,  Axios, 
Evinos,  Gallikos,  Kalamas,  Kifissos,  Loudias,  Louros,  Sperchios,  Strymon-Aggitis)  on  mainland  Greece, 
and  the  Alphios,  Evrotas,  Pamisos,  Pinios,  and  Piros  in  Peloponnesos,  Greece,  1993  and  2000-2002. 
Underscored  averages  do  not  differ  at  p=0.05. 


Order  pair 

1-5 

1-4 

1-3 

1-2 

1-1 

Average 

25.0 

27.2 

45.2 

47.9 

66.7 

F=2.99 

p>F=0.0289 

df=47 

Order  pair 

2-5 

2-4 

2-3 

2-2 

Average 

29.2 

43.6 

63.9 

69.3 

F=5.61 

p>F-0.0033 

df=35 

Order  pair 

3-5 

3-4 

4-5 

3-3 

Average 

22.3 

50.5 

60.0 

64.5 

F=3.32 

p>F=0.0705 

df=12 


TABLE  7.  Results  of  stepwise  regression  (forward  entry,  backward  elimination,  SAS,  2002)  for  modeling 
numbers  of  freshwater  fish  species  in  river  drainages  of  Greece.  Significance  indicated  by  an  asterisk  at 
p<0.15. 


Sum  of 

Mean 

Source 

DF  Squares 

Square 

F  Value 

Prob  >F 

Model 

7  53.30305 

7.61472 

12.768 

0.0001 

Error 

18  10.73541 

0.59641 

Parameter  Estimates 

Parameter 

Standard 

T  for  Ho: 

Variable 

Estimate 

Error 

Parameter=0 

Prob  >  |T| 

Intercept 

1.43217 

0.84265 

1.70 

0.093* 

Order 

0.87356 

0.16311 

5.36 

<0.001* 

Elevation 

-0.00273 

0.00101 

-2.69 

0.009* 

Depth 

1.76314 

0.75525 

2.34 

0.022* 

Length 

0.00525 

0.00358 

1.47 

0.146* 

Width 

0.01564 

0.01103 

1.42 

0.160 

Gradient 

0.00388 

0.00540 

0.72 

0.474 

Temp.  (OC) 

-0.01551 

0.03366 

-0.46 

0.646 

Diversity  =  (1.43217*slope)  +  (0.87356*order)  +  (-0.00273*elevation)  +  (1.76413* 
depth)  +  (0.00525  *river  km) 
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TABLE  8.  Comparison  of  actual  average  diversity  and  predicted  diversity  of  fishes  (derived  from  model) 
per  stream  order  based  on  samples  collected  in  drainages  in  Greece. 


Stream  order 

Predicted  #  species 

Avg.  Actual  #  species 

1 

2.02 

1.84 

2 

3.26 

3.10 

3 

4.56 

4.40 

4 

5.82 

4.80 

5 

6.59 

6.50 

addition  to  stream  order  are  significantly  more  important  than  stream  width  in  account¬ 
ing  for  species  diversity.  Stream  width  cannot  be  discounted  as  unimportant,  as  it  was 
correlated  with  species  diversity,  stream  order,  elevation,  and  stream  depth.  However, 
the  backward  stepwise  regression  analysis  removed  stream  width  based  on  its  low 
p-value  as  it  did  not  improve  the  explanation  provided  by  the  other  variables. 

Our  mathematical  model  derived  from  stepwise  multiple  regression  can  be  used  to 
predict  fish  species  diversity  in  all  altitude  classes  (>800  m,  500-800  m,  200-500  m, 
<100-200  m)  and  the  relative  sizes  of  monitoring  sites  (small  sized  rivers  of  stream 
order  1-3;  and  medium  sized  rivers  of  stream  order  4-5)  of  the  stream  monitoring 
system  proposed  in  the  European  Freshwater  Monitoring  Network  Design  (Nixon  et 
al,  1996).  Our  model,  however,  may  not  be  an  appropriate  tool  to  predict  fish  species 
diversity  for  the  EEA’s  large  river  monitoring  sites  (6^”  order  and  above).  We  did  not 
experience  6^  or  larger  stream  orders  in  Greece,  and  as  such,  our  model  does  not  reflect 
data  from  large  rivers.  Absence  of  6*  order  rivers  in  Greece  is  related  to  the  isolated 
and  small  river  drainages  (maximum  length  =~320  km  for  Aliakmon  River  in  Greece) 
whose  water  budgets  are  limited  by  geological  history,  dry  climate,  and  low  annual 
rainfall  of  the  country  (Hadjibiros  et  al.,  1998).  We  recommend  these  factors  (i.e., 
geological  history,  dry  climate,  and  low  annual  rainfall)  should  be  considered  in  a 
monitoring  design  for  Mediterranean  countries  of  southern  European  whose  climate, 
geology,  and  hydrology  differ  from  those  of  central,  eastern,  and  northern  European 
countries  with  larger  watersheds. 

Fish  species  diversity  predicted  from  our  model  compare  well  with  the  average  fish 
species  diversity  per  stream  order  (Table  8).  Differences  between  predicted  and  actual 
numbers  of  species  collected  at  each  collecting  station  are  not  significant  with  one 
exception.  The  absolute  differences  between  actual  and  predicted  fish  species  diversity 
were  significant  only  for  stream  order  1  (p=0.01 16).  Significant  variability  in  number 
of  species  in  1^^  order  streams  was  due  to  several  of  these  streams  being  devoid  of  fishes 
(e.g.  high  elevations  of  1^^  order  snow-melt  streams  in  Acheloos  drainage). 

Values  for  the  intercept,  stream  order,  elevation,  stream  depth,  and  river  km  from 
the  multiple  regression  model  can  be  manipulated  easily  in  a  spreadsheet  and  used  to 
calculate  species  diversity  with  factors  (stream  order,  elevation,  and  river  km)  taken 
from  maps  and  measurement  of  stream  depth  for  a  particular  location.  The  predictive 
model  of  species  diversity  can  be  a  useful  evaluation  tool  in  environmental  impact 
studies,  pollution  impact  assessment,  and  other  stream  monitoring  prograrns.  For 
example,  the  actual  species  diversity  was  much  lower  than  predicted  in  3  °  order 
sections  of  the  Louros  River,  suggesting  that  this  portion  had  been  impacted  by 
channelization.  Collecting  locations  three  kilometers  upstream  and  five  km  down¬ 
stream  of  this  3^^  order  reach  exhibited  values  consistent  with  those  predicted  for  a 
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healthy  system.  Likewise,  the  absence  of  species  in  the  3^^  order  reaches  of  the  milky 
colored  Evrotas  River  still  contaminated  with  sewage  effluent  eight  and  13  km 
downstream  from  Sparta,  Peloponessos  in  Greece  were  significantly  lower  than  those 
(4  species  each)  at  points  18  km  downstream  of  Sparti  where  water  clarity  and 
presumably  water  quality  had  improved,  and  in  the  control  station  in  the  Evrotas  River, 
0.5  km  upstream  of  the  municipal  sewage  discharge  of  Sparti. 

The  pattern  of  decreasing  homogeneity  of  species  with  increased  distance  down¬ 
stream  among  stream  order  pairs  (e.g.  1  and  2,  1  and  3,  1  and  4,  etc.;  Tables  5  and  6) 
compare  well  with  the  results  reported  by  other  researchers  (Gretes  and  Maurakis, 
200 1 ;  Hutchinson,  1993;  Hynes,  1970;  Maurakis  et  al.,  1987;  Rahel  and  Hubert,  1991; 
and  Paller,  1994)  in  streams  they  studied  in  Australia,  North  America,  and  Europe.  We 
concur  with  Gretes  and  Maurakis  (2001)  that  stream  order  can  be  used  to  emulate  an 
ecological  unit,  and  thus  account  for  species  diversity  along  a  river  continuum  except 
where  physical  factors  change  rapidly  within  the  same  stream  order. 
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APPENDIX  1 

Fish  collections  by  river  drainage,  collection  number  (EGM=Eugene  G.  Maurakis), 
region/prefecture,  locality,  and  date  in  rivers  of  Greece  in  1993,  and  2000-2002. 

Piros-Tethreas:  EGM-Greece-510.  Achaia.  Tethreas  River  (2”^  order),  0.25  km 
east  of  Hai  Kali,  about  30  km  southwest  of  Patras,  Peloponnesos,18  June  2001. 
EGM-Greece-5 1 1 .  Achaia.  Piros  River  (2”^  order),  1.5  km  NE  of  Isoma  and  about  15 
km  SSW  of  Patras,  18  June  2001.  EGM-Greece-5 12.  Achaia.  Unnamed  tributary  (1^^ 
order)  of  Piros  River,  1  km  southeast  of  Prevedos  about  1 8  air  km  south  of  Patras, 
Peloponnesos,  18  June  2001.  EGM-Greece-5 13.  Achaia.  Tethreas  River  (1^^  order)  at 
Kiparissi  near  M.  Aghios,  12  km  SE  of  Kritharakia  and  about  22  km  S  of  Patras,  18 
June  2001. 

Pinios  (Peloponnesos):  EGM-Greece-5 14.  Ilia.  Unnamed  tributary  (1^^  order)  of 
Pinios  River,  3.5  km  W  of  Simopoulo  and  15  km  NE  of  Amaliada,  19  June  2001. 
EGM-Greece-5 15.  Ilia.  Pinios  River  (2”^  order),  4  km  southwest  of  Karpeta,  about  40 
air  km  east  of  Amalidia,  Peloponnesos,  19  June  2001. 

Alphios.  EGM-Greece-327.  Arkodis  creek  at  Ladonas,  20  km  NW  of  Panayitsa, 
about  35  km  NW  of  Tripoli,  5  July  1993.  EGM-Greece-329,  unnamed  tributary  of 
Alphios  River  between  Vlahena  and  Kalivia,  53  km  NW  of  Tripoli,  5  July  1993. 
EGM-Greece-527.  Ilias.  Alphios  River,  4^|j  order,  1.7  km  SE  of  Pirgos,  23  June  2002. 
EGM-Greece-528.  Ilias.  Enipeas  River  (3^^^  order),  2.5  km  E  of  Varvasena,  about  8  km 
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E  of  Pirgos.  23  June  2002.  EGM-Greece-529.  Ilias.  Unnamed  tributary  (2^^  order),  1 .5 
km  N  of  Smila,  about  13  km  ENE  of  Pirgos,  23  June  1002.  EGM-Greece-530.  Ilias. 
Unnamed  tributary  (1^^  order),  1  km  S  of  Neraida,  about  22  km  NE  of  Pirgos. 
EGM-Greece-531.  Ilias.  Unnamed  tributary  (1^^  order),  3  km  W  of  Neraida,  about  19 
km  ENE  of  Pirgos,  23  June  2002.  EGM-Greece-532.  Ilias.  Unnamed  tributary  (1^^ 
order),  2  km  E  of  Sopi,  about  12  km  NNE  of  Pirgos,  23  June  2002.  EGM-Greece-533. 
Ilias.  Unnamed  tributary  (2”^  order),  2  km  Nne  of  Paleo  Varvasena,  about  10  km  E  of 
Pirgos,  23  June  2002.  EGM-Greece-534.  Ilias.  Alphios  River  (4^”  order)  1.5  km  N  of 
Issova,  about  30  km  ESE  of  Pirgos,  24  June  2002.  EGM-Greece-535.  Ilias.  Unnamed 
tributary  of  Alphios  River,  0.5  km  W  of  Dafiioula,  about  48  km  SE  of  Pirgos,  24  June 
2002.  EGM-Greece-536.  Ilias.  Alphios  River  (3^^  order),  2  km  NE  of  Dafiioula,  about 
50  km  ESE  of  Pirgos,  24  June  2002.EGM-Greece-537.  Arkadia.  Alphios  River  (3^^ 
order),  1  km  NE  of  Kiparissia,  about  8  km  NW  of  Megalopoli,  24  June  2002. 
EGM-Greece-538.  Arkadia.  Unnamed  tributary  (2”^^  order)  of  Alphios  River  near 
ancient  theater,  1  km  N  of  Megalopoli,  24  June  2002.  EGM-Greece-539.  Arkadia. 
Unnamed  tributary  of  Alphios  River,  3  km  NE  of  Kasea,  about  12  km  E  of  Megalopolis 
and  12  km  W  of  Tripoli,  25  June  2002.  EGM-Greece-540.  Arkadia.  Spring  of  Alphios 
River  (1^^  order),  1.5  km  ENE  of  K.  Asea,  1 1  km  E  of  Megalopoli  and  13  km  W  of 
Tripoli,  24  June  2002.  EGM-Greece-541.  Arkadia.  Unnamed  tributary  of  Alphios 
River  aside  train  water  tank  in  K.  Asea,  25  June  2002.  EGM-Greece-542.  Arkadia. 
Unnamed  tributary  (1^^  order)  of  Alphios  River,  0.75  km  ESE  of  K.  Asea,  about  10  km 
E  of  Megalopoli,  25  June  2002.  EGM-Greece-543.  Arkadia.  Unnamed  tributary  (1^^ 
order)  of  Alphios  River,  1  km  S  of  K.  Asea,  about  3  km  N  of  Dafiii,10  km  E  of 
Megalopoli,  and  13  km  W  of  Tripoli,  25  June  2002.  EGM-Greece-544.  Arkadia. 
Unnamed  tributary  (1^^  order),  2.5  km  N  of  Mamaria,  about  5  km  W  of  K.  Asea,  and 
8  km  E  of  Megalopoli,  25  June  2002.  EGM-Greece-545.  Arkadia.  Unnamed  tributary 
(1^^  order),  1.5  km  NW  of  Routsi,  about  9  km  SE  of  Megalopoli,  25  June  2002. 

Pamisos.  EGM-Greece-546.  Messenias.  Unnamed  (1^^  order)  tributary  of  Pamisos 
River,  25  June  2002.  EGM-Greece-547.  Messenias.  Unnamed  tributary  (2^*^  order)  of 
Pamisos  River,  0.5  km  E  of  Zevgolatio,  about  26  km  E  of  Kiparissia,  25  June  2002. 
EGM-Greece-548.  Messenias.  unnamed  tributary  (2^^  order)  of  Pamisos  River,  1  km 
E  of  Malta,  about  26  km  E  of  Kiparissia,  25  June  2002.  EGM-Greece-549.  Messenias. 
Unnamed  tributary  ( 1  order)  of  Pamisos  River,  4  km  S  of  Koklas,  1 .5  km  NE  of  Malthi 
and  15  km  E  of  Kiparissia,  25  June  2002.  EGM-Greece-550.  Messenias.  Unnamed 
tributary  (1^^  order),  0.5  km  N  of  Koklas  and  18.5  km  E  of  Kiparissia,  25  June  2002. 
EGM-Greece-551.  Messenias.  Unnamed  tributary  (2*^^  order)  of  Pamisos  River,  0.5 
km  E  of  Koklas  and  18  km  E  of  Kiparissia,  26  June  2002.  EGM-Greece-552. 
Messenias.  Pamisos  River  (3*^^  order),  1  km  S  of  Neochori  and  about  25  km  N  of 
Kalamata,  26  June  2002.  EGM-Greece-553.  Messenias.  Pamisos  River  (3^^  order)  at 
Valira,  about  16  km  N  of  Kalamata,  26  June  2002.  EGM-Greece-556.  Kalamata. 
Pamisos  River  (3™  order)  at  bridge  in  Kalamata,  26  June  2002. 

Evrotas.  EGM-Greece-557.  Lakonias.  Unnamed  (1^^  order)  tributary  of  Evrotas 
River,  about  15  km  NW  of  Sparti,  27  June  2002.  EGM-Greece-558.  Lakonias. 
Unnamed  tributary  (1^^  order)  of  Evrotas  River,  0.5  km  S  of  Kastorio  and  20  km  NW 
of  Sparti,  27  June  2002.  EGM-Greece-559.  Lakonias.  Unnamed  tributary  (1^^  order) 
of  Evrotas  River,  1  km  SE  of  Verdonia  and  about  10  km  NW  of  Sparti,  27  June  2002. 
EGM-Greece-560.  Lakonias.  Unnamed  tributary  (2*^^^  order)  at  bridge  in  Kokkinorachi, 
2.5  km  N  of  Sparti,  27  June  2002.  EGM-Greece-561.  Lakonias.  Evrotas  River  (3*^^ 
order),  0.5  km  N  of  Sparti,  27  June  2002.  EGM-Greece-562.  Lakonias.  Evrotas  River 
(3*^^  order),  1  km  E  of  Riza  and  8  km  SE  of  Sparti,  28  June  2002.  EGM-Greece-563. 
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Lakonias.  Unnaled  tributary  (2”^  order)  of  Evrotas  River,  about  1.5  km  E  of  Lefko- 
choma  and  about  13  km  SE  of  Sparti,  28  June  2002.  EGM-Greece-564.  Lakonias. 
Evrotas  River  (3*^^  order),  about  8  km  E  of  Lefkohoma  and  about  20  km  SE  of  Sparti, 
28  June  2002. 

Kalamas.  EGM-Greece-493 .  loannina.  Kalamas  River  (2”^  order),  2.5  km  W  of 
Doliana  and  16  km  E  of  Kitismata,  12  June  2001.  EGM-Greece-494.  loannina. 
Unnamed  tributary  (2^^^  order)  of  Kalamas  River,  8.5  km  NW  of  Lefkothea  and  25  km 
WNW  of  loannina,  12  June  2001.  EGM-Greece-495.  loannina.  Unnamed  tributary  (1^^ 
order)  of  Kalamas  River,  1  km  SSW  of  Soulopoulo  and  about  22  km  W  of  loannina, 
13  June  2001 .  EGM-Greece-496.  loannina.  Unnamed  tributary  (2”^  order)  of  Kalamas 
River,  4.5  km  E  of  Vrosina  and  24  km  W  of  loannina,  13  June  2001  .EGM-Greece-497. 
loannina.  Kalamas  River  (3*^^  order),  0.25  km  W  of  Vrosina  and  about  24  km  W  of 
loannina,  1 3  June  200 1  .EGM-Greece-498.Despotia.  Kalamas  River  (3*^^  order),  0.5  km 
NW  of  Neraida  and  16  km  E  of  Igoumenitsa,  13  June  2001.EGM-Greece-499. 
Despotia.  Unnamed  tributary  (1^^  order)  of  Kalamas  River,  0.5  km  N  of  Pigadoulia  and 
12  km  NE  of  Igoumenitsa,  13  June  2001 .  EGM-Greece-525.  loannina.  Kalamas  River 
(2*^*^  order),  about  30  km  NW  of  loannina,  24  June  2001 . 

Aheron.  EGM-Greece-501.  Thesprotia.  Unnamed  tributary  (1^^  order)  of  Kokitos 
River,  1.5  km  NW  of  Themelo  and  about  10  km  SE  of  Parga,  14  June  2001. 

Louros.  EGM-Greece-500.  loannina.Louros  River  (3*^^  order),  0.5  km  E  of  Panagia 
and  16  km  N  of  Filipiada,  14  June  2001.  EGM-Greece-501 1.  loannina.  Louros  River 
(3^*^  order),  5  km  NW  of  Panagia  and  21  km  NW  of  Filipiada,  14  June  2001. 
EGM-Greece-502.  loannina.  Louros  River  (3^^*^  order),  3  km  N  of  Aghios  Georgios, 
about  8  km  N  of  Filipiada  and  10  km  NW  of  Arta,  14  June  2001. 

Arachthos.  EGM-Greece-484.  Unnamed  tributary  (2"*^  order)  of  Arachthos  River, 
1  km  SW  of  Potamia,  about  20  km  NE  of  Metsovo,  24  June  2000.  EGM-Greece-485, 
Unnamed  tributary  (1^^  order)  of  Arachthos  River,  2  km  NW  of  Ambelos,  about  20  km 
SW  of  Metsovo,  24  June  2000.  EGM-Greece-486.  Unnamed  tributary  (2^^  order)  of 
Arachthos  River,  4.5  km  N  of  Potamia,  0.5  km  N  of  Ambelos,  and  1 9  km  W  of  Metsovo, 
24  June  2000.  EGM-Greece-487.  Unnamed  tributary  (3*^^  order)  of  Arachthos  River, 
3  km  E  of  Baltouma,  16  km  SW  of  Metsovo,  24  June  2000.  EGM-Greece-503.  Arta. 
Unnamed  tributary  (3*^^  order)  of  Lake  Poumarion,  0.1  km  N  of  Melates  and  15  km  NE 
of  Arta,  15  June  2001.  EGM-Greece-504.  Arta.  Unnamed  tributary  (1^^  order),  1.6  km 
ENE  of  Melates  and  17  km  NE  of  Arta,  15  June  2001. 

Evinos.  EGM-Greece-506.  Sterea  Ellada.  Evinos  River  (4^*^  order),  4  km  W  of 
Perithori  and  20  km  W  of  Nafpaktos,  17  June  2001.  EGM-Greece-507.  Sterea  Ellada. 
Unnamed  tributary  (1^^  order)  of  Evinos  River,  1  km  E  of  Velvina  and  about  6  km  NW 
of  Nafpaktos,  17  June  2001 .  EGM-Greece-508.  Sterea  Ellada.  Evinos  River  (4^*’  order) 
at  Miavia,  about  10  km  NW  of  Nafpaktos,  17  June  2001. 

Kiffisos.  EGM-Greece-516.  Viotia.  Kiffisos  River  (3*^^  order),  about  0.25  km  N  of 
Lake  Yliki  and  1 .5  km  SE  of  Akrefnio,  and  about  67  km  NW  of  Athens,  20  June  2001 . 
EGM-Greece-5 17.  Viotia.  Kiffisos  River  (3*^^  order),  3  km  NE  of  Aeronia  and  about  8 
km  N  of  Livadia,  20  June  2001. 

Sperchios.  EGM-Greece-5 18.  Fthiotida.  Unnamed  tributary  (1^^  order)  of  Sper- 
chios  River,  about  0.75  km  NE  of  Damasta  and  13  km  SE  of  Lamia,  21  June  2001. 
EGM-Greece-5 19.  Fthiotida.  Sperchios  River  (5^”  order),  1  km  S  of  Lianokladi  and  14 
km  W  of  Lamia,  22  June  2001.  EGM-Greece-520.  Fthiotida.  Sperchios  River  (4^^ 
order),  7.5  km  W  of  Makrakomi  and  about  36  km  W  of  Lamia,  22  June  2001. 
EGM-Greece-521.  Fthiotida.  Sperchios  River  (2”^  order),  1  km  NW  of  Aghios  Geor¬ 
gios  and  50  km  WNW  of  Lamia,  22  June  200 1 .  EGM-Greece-522.  Fthiotida.  Sperchios 
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River  (3*^^  order),  1  km  NW  of  Aghios  Georgios  and  about  50km  WNW  of  Lamia,  22 
June  200  L 

Acheloos.  EGM-Greece-523.  Evritania.  Unnamed  tributary  (1^^  order)  of 
Acheloos  River,  about  1  km  W  of  Miriki  and  about  5  km  E  of  Karpenessi,  22  June 
2001.  EGM-Greece-524.  Evritania.  Unnamed  tributary  (1^^  order)  of  Acheloos  River, 
about  3  km  W  of  Miriki  and  3  km  E  of  Karpenessi,  22  June  2001. 

Gallikos.  EGM-Greece-459.  Gallikos  River,  1.6  km  SW  of  Petroto,  about  25  km 
S  of  Kilkis,  16  June  2000.  EGM-Greece-460.  Gallikos  River  drainage,  Gallikos  River, 
1  km  W  of  Meseo,  about  25  km  S  of  Kilkis,  16  June  2000. 

Loudias.  EGM-Greece-463.  Loudias  River,  0.5  km  W  of  Poliplantanos,  about  9 
km  S  of  Skidra,  18  June  2000. 
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ABSTRACT 

The  European  Environmental  Agency  formulated  a  biodiversity  initiative  in 
1 996  specifying  a  freshwater  stream -monitoring  program  to  inventory,  iden¬ 
tify  and  describe  aquatic  and  terrestrial  species  in  European  Union  countries. 

With  one  of  the  richest  freshwater  ichthyofaunas  in  Europe  (126  fish  taxa:  97 
species  and  29  subspecies  of  primary  or  secondary  freshwater  fishes),  Greece 
has  two  extinct  fish  species,  five  listed  as  critically  endangered,  and  29 
considered  endangered  and/or  vulnerable.  There  are,  however,  no  published 
identification  guides  that  are  available  for  identifying  fish  specimens  from 
fresh  waters  in  Greece.  We  present  an  English  translation  of  the  only  available 
identification  key  (in  Greek)  to  97  fish  species  (20  families)  in  fresh  waters 
of  Greece.  Our  intent  is  to  create  an  illustrated  identification  guide  in  the 
future  as  new  species  are  identified  and  ranges  of  all  lotic  and  lentic  species 
are  clarified.  In  the  interim,  we  believe  that  the  current  guide  can  be  used 
effectively  in  the  field  to  reduce  the  number  of  voucher  specimens  required 
to  authenticate  inventories  of  the  freshwater  ichthyofauna  of  Greece  as 
repeated  heavy  sampling  has  the  potential  to  decimate  local  populations  that 
are  already  vulnerable. 

Keywords:  Identification  key,  freshwater  fishes,  Greece 

fNTRODUCTION 

Identification  keys  are  one  of  the  fundamental  tools  of  ichthyologists,  fisheries 
biologists,  ecologists,  systematists,  environmental  biologists,  and  environmental  pol¬ 
icy  makers  and  enforcers.  For  example,  knowing  what  species  live  in  which  aquatic 
systems  is  requisite  in  creating  management  plans  for  fisheries  in  inland  waters  and 
formulating  protective  strategies  and  recovery  plans  for  endangered,  threatened  or 
vulnerable  species  (Nixon  et  al.,  1996). 

Recently,  the  European  Environmental  Agency  (EEA)  formulated  a  biodiversity 
initiative  specifying  a  freshwater  stream-monitoring  program  to  inventory,  identify  and 
describe  aquatic  and  terrestrial  species  in  European  Union  (EU)  countries  (Nixon  et 
al.,  1996).  Baseline  distributional  data  derived  from  monitoring  programs  are  essential 
elements  of  biodiversity  inventories,  biogeographic  studies,  systematic  and  phyloge¬ 
netic  investigations,  water  quality  assessment,  environmental  impact  statements,  and 
a  host  of  other  ecological  studies.  For  example,  Maurakis  et  al.  (2001)  and  Maurakis 
and  Economidis  (2001)  used  current  distributions  of  native  freshwater  fishes  to 
delineate  relationships  of  river  drainages  in  Greece  relative  to  historical  geological  and 
tectonic  events.  They  noted  that  there  is  much  confusion  in  the  identification  of 
freshwater  fishes  in  Greece,  and  that  many  river  systems  in  the  country  have  been 
sampled  inadequately  (Maurakis  et  al.,  2003). 
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With  one  of  the  richest  freshwater  ichthyofaunas  in  Europe  (126  fish  taxa:  97 
species  and  29  subspecies  of  primary  or  secondary  freshwater  fishes),  Greece  has  two 
extinct  fish  species,  five  listed  as  critically  endangered,  and  29  considered  endangered 
and/or  vulnerable  (Bobori  et  al,  2001;  Economidis,  1995).  With  37  %  of  the  native 
fish  fauna  in  Greece  imperiled  and/or  extirpated  by  damming,  stream  channelization, 
canalization,  pollution,  habitat  alteration,  and  stream  dessication  (a  result  of  water 
abstraction  for  crop  irrigation  and  potable  water  supplies)(Bobori,  et  al,  2001; 
Maurakis  and  Grimes,  2003),  it  is  crucial  for  researchers  conducting  studies  in  Greece 
to  be  able  to  recognize  and  return  native  freshwater  fishes  in  the  field,  and  to  collect 
only  those  species  requiring  fiirther  taxonomic  and  ecological  assessment. 

As  fieldwork  in  freshwater  ecosystems  in  Greece  by  Greek  researchers  and  those 
from  other  countries  continues  to  increase  (Bobori  et  al.,  2001;  Economidis  1991; 
Economidis  and  Bnrescu,  1991;  Gretes  and  Maurakis,  2001;  Maurakis  et  al.,  2003; 
Maurakis  and  Grimes,  2004)  in  response  to  the  EEA’s  initiative,  there  is  a  need  for  an 
English  version  of  a  identification  key  to  fishes  in  fresh  waters  of  Greece  to  facilitate 
accurate  identifications.  Except  for  the  unpublished,  periodically  updated  identifica¬ 
tion  keys  (in  Greek)  to  freshwater  fishes  by  the  second  author,  there  are  no  published 
identification  guides  that  are  available  for  identifying  specimens  from  freshwaters  to 
complete  inventories  of  biodiversity  in  Greece.  Yet,  new  species  (e.g.  one  species  of 
Economidichthys  and  four  species  of  Cobitis),  have  been  described  in  Greece  in  recent 
years  (Economidis  and  Miller,  1990;  Economidis  and  Nalbant,  1996),  and  populations 
of  other  species  continue  to  warrant  ecological  and  taxonomic  study.  Our  intent  is  to 
create  an  illustrated  identification  guide  in  the  future  as  new  species  are  identified  and 
ranges  of  all  species  are  clarified  further.  In  the  interim,  we  believe  the  current  guide 
can  be  used  effectively  in  the  field  to  reduce  the  number  of  voucher  specimens  required 
to  authenticate  inventories  of  the  freshwater  ichthyofauna  of  Greece  as  repeated  heavy 
sampling  has  the  potential  to  decimate  local  populations  that  are  already  vulnerable. 


METHODS 

Descriptions  of  each  of  97  species  are  annotated  with  current  information  of  species 
distributions  in  fresh  waters  of  Greece  (Fig.  1)  and  notes  on  exotic  fishes  introduced 
in  the  country  since  1995  as  discussed  in  Economidis  (2000).  Nomenclature  conforms 
to  that  in  Kottelat  (1997).  Definitions  of  meristic  counts  and  morphological  measure¬ 
ments  follow  those  in  Calliet  et  al.  (1986)  except  where  noted.  Standard  length  is  the 
distance  from  the  anterior  tip  of  snout  to  posterior  end  of  hypural  plate.  Total  length 
is  the  distance  from  anterior  tip  of  snout  to  posterior  margin  of  caudal  fin.  Head  length 
is  the  distance  from  the  anterior  point  of  head  to  posterior  bony  margin  of  operculum. 
Eye  diameter  is  the  horizontal  diameter  of  the  eye.  Snout  length  is  the  length  from  the 
anterior  tip  of  snout  to  the  anterior  tip  of  eye.  Body  depth  is  the  vertical  distance  from 
anterior  base  of  dorsal  fin  to  belly  of  fish.  Lateral  line  count  includes  all  pore-bearing 
scales  from  behind  head  to  end  of  the  caudal  peduncle.  Abbreviations:  Standard  length, 
SL;  total  length,  TL;  lateral  line,  LL;  dorsal  fin,  D  (Dl,  1^^  D  and  D2,  2”^  D);  anal  fin, 
A;  caudal  fin,  C;  pectoral  fin,  PI ;  pelvic  fin,  P2;  number  of  unbranched  rays  (some  may 
be  embedded  in  flesh  requiring  dissection)  in  D  and  A  are  represented  by  Roman 
numerals;  branched  rays  by  Arabic  numerals  (Fig.  2).  Clarity  and  use  of  the  identifi¬ 
cation  key  was  tested  by  local  university  and  high  school  students,  and  Greek  university 
students  and  colleagues  involved  in  various  aspects  of  our  studies  in  Greece. 
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FIGURE  1.  Major  freshwater  drainages,  lakes  and  aquatic  systems  in  Greece.  1.  Evros  River,  2.  Filiouris 
River,  3.  Lake  Vistonis,  4.  Nestos  River,  5.  Strymon-Aggitis  River,  6.  Lake  Koronia  and  Lake  Volvi  system; 
7.  Gallikos  River.  8.  Axios  River  and  Lake  Doirani,  9.  Loudias  River,  10.  Lake  Vegoritis,  1 1.  Lake  Prespa 
system,  12.  Aliakmon  River  and  Lake  Orestias  (Kastoria),  13.  Pinios  River  (Thessaly),  14.  Lake  Karla  and 
Velestino  Springs,  15.  Sperchios  River,  16.  Lakes  Yliki  and  Paralimni  and  Kifissos  River  system,  17.  Lake 
Stymphalia,  18.  Evrotas  River,  19.  Pamisos  River,  20.  Nedas  River,  21.  Alphios  River,  22.  Pinios  River 
(Peloponnesos),  23.  Mornos  River,  24.  Evinos  River,  25.  Acheloos  River  and  Lakes  Trichonis-Ozeros-Am- 
vrakia  and  reservoirs  Stratos-Kastraki-Kremasta-Tavropos,  26.  Arachthos  River,  27.  Louros  River,  28. 
Aheron  River,  29.  Lake  Pamvotis  (loannina),  30.  Kalamas  River,  and  3 1 .  Aoos  River. 


IDENTIFICATION  KEY  TO  FISHES  OF  FRESH  WATERS  OF  GREECE 
la.  Mouth  normal  with  jaws.  Body  normal.  Uusually  with  scales  and  two  sets 


of  paired  fins.  Each  side  of  head  with  a  single  gill  opening.  Two  nares  on 
rostrum  in  front  of  eyes.  Gnathostomata  . . 3 

lb.  Mouth  circular,  like  a  funnel,  without  jaws.  Body  naked  without  paired 
fins.  Seven  gill  openings  on  each  side  of  head.  Top  of  head  area  with  one 
nare.  Agnatha  (Petromyzontidae) . 2 
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2a  (lb)  Body  uniformly  colored.  Trunk  myotomes  52-63.  TL  ~15  cm. 

.  . . Eudontomyzon  hellenicus 

Endemic  to  Greece.  Occurs  in  the  Louros  drainage  system  (springs  of 
Stephani,  Philipp ida)  and  the  Strymon  drainage  (springs  of  St.  Giannis  near 
Serres),  Milopotamos,  and  Kefalaria  of  Drama  (Aggitis- Strymon  drainage). 
Non-paras itic  species  in  environments  of  rivers  with  clean  waters.  Ammo- 
cetes  larvae,  with  horseshoe-shaped  mouths,  live  many  years  in  sandy 
substrates.  Eyes  are  hidden  beneath  the  skin.  Metamorphosis  occurs  during 
winter  (December)  after  which  they  immediately  spawn  and  then  die. 

2b.  Body  mottled.  Trunk  myotomes  67-78.  TL  -80-90  cm  .  .  .  Petromyzon  marinus 

Species  with  wide  distribution  in  Europe  and  North  America.  It  is  reported 
to  occur  in  Kerkyra  but  without  any  confirmation  or  samples  of  specimens. 

It  probably  spawns  in  the  Louros  and  Kalamas  river  drainages.  Parasitic 
species,  which  after  metamorphosis,  migrates  to  sea.  During  the  1990s,  two 
individuals  have  been  observed  and  documented  from  the  shores  of  the  Seas 
of  Macedonia  and  Thraki  (Porto  Lagos,  Nea  Karvali). 

3a  (la).  Branchial  membranes  not  joined  below  head  (Fig.  3a);  mouth  not 

bowed  . 4 

3b.  Branchial  membranes  Joined  below  head  and  folded  to  cover  the  isthmus 

(Fig.  3b).  Mouth  large  and  bowed  (Acipenseridae)  . .  Huso  huso 

Anadromous  species  from  northern  shores  of  the  Black  Sea.  Unconfirmed 
presence  in  North  Aegean  Sea  (Thracian  Sea)  and  Adriatic  Sea. 


4a  (3a)  Caudal  fm  forked  with  upper  lobe  larger  than  lower  lobe  (Fig.  4a). 

Snout  long,  mouth  ventral.  Body  sides  with  large  bony  plates  set  in  rows. 

Sizeable  bodied  fish  reaching  large  size.  TL  -6  m  (Acipenseridae)  ......  5 

4b.  Caudal  fm  symmetrical  (Fig.  4b).  Lateral  body  without  large  bony  plates. 

If  they  exist,  then  body  is  small,  cm  . . . 7 


5a  (4a).  Snout  short,  wide  and  blunt,  less  than  60  %  head  length.  Barbels 
shorter  than  the  distance  between  the  tip  of  snout  and  opening  of  mouth. 

TL  -2  m . . .  Acipenser  naccari 

Anadromous  species  of  Adriatic  Sea.  It  has  been  reported  fi^om  the  estuaries 
of  Kerkyra.  It  probably  is  present  in  the  southern  latitudes  of  coastal  areas 
of  western  Greece. 

5b.  Snout  elongate  and  acute  . .  6 

6a  (5b).  Snout  elongate  and  acute,  a  bit  more  than  60  %  head  length.  Barbels 

equal  distant  between  tip  of  snout  and  opening  of  mouth  ....  Acipenser  sturio 

Anadromous  European  species.  Captured  rarely  in  Thraki  Sea  (except 
Evros).  It  has  been  observed  in  the  Evros,  Nestos,  Strymon,  and  mouths  of 
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Pinios  and  Acheloos.  Probably  spawned  in  the  Evros  River  but  now  con¬ 
sidered  extirpated  from  this  area. 

6b.  Snout  very  long  and  acute,  greater  than  60  %  head  length.  XL  ~2  m. 

. Acipenser  stellatiis 

Anadromous  species  of  the  Black  Sea  and  Caspian  Sea,  also  present  in  the 
Mediterranean  Sea  (Adriatic  Sea  and  referenced  from  the  Bulgarian  portion 
of  the  Evros  River).  In  1999,  its  presence  was  confirmed  in  the  Sea  of  Thraki 
(Fanari). 

Acipenser  baeri,  Acipenser  gueldenstaedtii,  Acipenser  ruthenus,  and  Polyo- 
don  spat  hula  have  been  introduced  in  Greece  where  they  are  reared  in  closed 
tank  systems,  and  then  released  into  open  waters  (Lake  Pamvotis  and 
Kalamas  River)(Economidis  et  al.,  2000). 

7a  (4b).  Adipose  fm  present  (Fig.  2)  (Salmonidae,  Coregonidae)  . 8 

7b.  Adipose  fm  absent  .  . . 10 

8a  (7a).  Body  without  spots.  Lateral  line  with  fewer  than  100  scales.  Gill  rak¬ 
ers  35-45.  XL  ~60  cm  . . .  .  Coregonus  larvaretus 

Foreign  (European)  species  introduced  successfully  in  Vegoritida  Lake  and 
the  dam  lakes  of  Polifito  and  Xauropos. 

8b.  Body  with  spots.  Lateral  line  with  more  than  100  scales.  Gill  rakers  15-25  .  .  9 

9a  (8b).  Lateral  body  usually  with  a  long  reddish  band.  Caudal  fm  with  dark 

spots.  XL  ~50  cm . .  Oncohynchus  mykiss 

North  American  species  introduced  and  spreading  in  European  countries.  It 
is  reared  in  trout  aquaculture  facilities.  Xhe  state  hatcheries  of  Louros  and 
Edessa  generate  artificially  propagated  offspring,  which  are  released  into 
the  cleanest  springs  and  then  scattered  in  rivers  and  lakes.  It  has  not  been 
observed  to  reproduce  naturally  in  open  environments. 

9b.  Lateral  body  without  reddish  band.  Caudal  fm  without  dark  spots.  XL  ~40 
cm. 

. . . . Salmo  trutta 

Native  species  with  wide  distribution  in  Europe.  In  Greece,  it  occurs  in 
springs  of  rivers  in  Peloponessos  (Ladonis,  Erymanthus),  Sterea  Hellas 
(Momos,  Evinos,  Acheloos),  Epirus  (Arachthos,  Louros,  Kalamas,  Voido- 
matis,  Aoos),  Macedonia  (Venetikos,  Xripotamos  Veroias,  St.  Germanos 
Prespa,  Akritas,  Achlada  and  Drosopigi  Fiorina,  Aggistro  Strymon,  Despa- 
tis,  Diavolorema  and  Arkoudorema  Nestos)  and  Xhraki  (rarely  in  Ardas). 
Several  of  these  populations  may  represent  endemic  species.  Recently, 
Oncorhynchus  kisutch,  Salmo  salar,  and  Salvelinus  fontinalis  have  been 
introduced  in  Greece  where  they  are  reared  in  closed  aquaculture  facilities 
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and  have  been  released  into  open  waters.  There  is  no  information  on 
survival. 

10a  (7b).  Body  long,  cylindrical,  serpentine.  Dorsal,  caudal  and  anal  fins  con¬ 
tinuous.  TL  -1.5  m  (Anguillidae) .  Angullia  anguilla 

Catadromous  species  with  wide  distribution  in  Europe.  It  has  entered  all 
fresh  waters  of  Greece,  especially  near  the  mouths  of  rivers,  though  it  is 
rarely  found  in  lakes  far  from  the  sea.  Recently,  Anguilla  japonica  has  been 
introduced  in  Greece  where  it  is  reared  in  closed  aquaculture  facilities.  There 
is  no  information  on  survival  in  open  waters. 


10b.  Body  not  cylindrical  and  serpentine.  Dorsal,  caudal,  and  anal  fins  not 

continuous . 11 

11a  (10b).  Anal  fm  base  larger  (-20  times  greater)  than  dorsal  fm  base.  Body 

without  scales  (Siluridae) . 12 

1  lb.  Dorsal  fm  base  equal  to  or  greater  than  four  times  the  length  of  anal  fm 

base  . 13 


12a  (11a).  Snout  with  two  pairs  of  barbels  (Fig.  5b).  TL  -40  cm  .  Silurus  aristotelis 

Endemic  to  Acheloos  River  and  Lakes  Trichonis,  Lysimacheia,  Ozeros,  and 
Amvrakia.  Introduced  to  Lake  Pamvotis,  loannina  and  Lake  Volvi  in 
Macedonia. 

12b.  Snout  with  three  pairs  of  barbels  (Fig.  5a).  TL  -25  cm .  Silurus  glanis 

European  species.  In  Greece,  it  lives  in  Thessaly  (Pinios  River),  Macedonia 
(Aliakmon,  Axios,  Strymon  rivers),  and  lakes  Kastoria,  Vegoritis,  Doirani, 
and  Volvi)  and  Thraki  (Evros  River).  Recently,  Clarias  gariepinus  has  been 
introduced  in  Greece  where  it  is  reared  in  closed  aquaculture  facilities.  There 
is  no  information  on  its  survival  in  open  waters. 

13a  (1  lb).  Snout  like  a  duck  bill  (Fig.  6).  Equal-sized  dorsal  and  anal  fins  in 
opposing  positions  posterior  to  middle  of  body.  TL  -1.5  m.  Esocidae 
. . . .  Esox  lucius 

European  species.  In  Greece,  it  lives  in  Lake  Volvi,  Strymon  and  Evros 
rivers.  Historically,  it  occurred  in  the  Pinios  (Thessaly). 

13b.  Snout  normal  (Fig.  1).  First  dorsal  fm  ray  almost  in  middle  of  body,  anal 


fin  more  posterior.  Dorsal  and  anal  fins  not  opposing . . . 14 

14a  (13b).  Several  free  spines  anterior  to  dorsal  fm  (Figs.  7a,  b).  Small  fish 

whose  size  does  not  exceed  5-6  cm  (Gasterosteidae) . 15 

14b.  Free  spines  anterior  to  dorsal  fm  wanting . . . 17 


KEY  TO  FRESHWATER  FISHES  OF  GREECE 


175 


15a  (14a).  Pelvic  fins  absent.  TL  -5  cm  .  . . Pungitius  hellenicus 

Endemic  to  Sperchios  system  (springs  of  Kompotadon,  St.  Paraskevi,  and 
drainage  canals  of  Lamia). 

15b.  Pelvic  fins  present,  having  at  least  one  spine . . . 16 

16a  (15b).  Four  or  more  free  spines  anterior  to  dorsal  fm.  TL  ~5  cm  (Fig.  7b). 

. . .  . . .  Pungitius  platygaster 


European  species  of  Black  Sea  drainage.  In  Greece,  it  occurs  in  one  canal 
near  the  village  of  Kokartza  Kilkis,  which  flows  into  the  Axios  River  and 
springs  of  Aravissos  in  the  Loudias  drainage. 

16b.  Three  free  spines  anterior  to  dorsal  fm.  TL  ~6  cm  (Fig.  7b). 

.  . . . . . . .  Gasterosteus  aculeatus 

Paleoarctic  species  widely  distributed  in  the  northern  hemisphere.  In 
Greece,  it  occurs  in  Peloponnesos  (springs  of  Lema  in  Argolis  and  Pamisos 
River),  Epirus  (Louros  and  Acheron  rivers),  Sterea  Hellas  (Sperchios 
River),  Thessaly  (streams  close  to  villages  of  Papapouli  and  Platamon), 
Macedonia  (Niseli  Imathias,  Aravissos  Giannitsa),  Thraki  (Kosinthos  and 
Bospos  rivers). 

17a  (14b).  Base  of  pelvic  fins  anterior  and  perpendicular  to  base  of  pectoral 

fins  (Fig.  8).  Body  without  scales.  TL  ~10  cm  (Blenniidae)  Salaria  fluviatilis 

Coastal  Mediterranean  species.  In  Greece,  it  occurs  in  many  rivers  and  lakes: 
Peloponnesos  (Erasinos,  Evrotas,  Pamisos,  Nedas,  Alphios,  Pinios, 
Vouraikos),  Sterea  Hellas  (Acheloos,  Lake  Trichonis),  Epirus  (Acheron, 
Kalamas),  Macedonia  (Aliakmon,  and  Doirana,  Koronia,  Volvi  lakes,  Mar- 
maras  Paggaiou),  Thraki  (Lake  Vistonis,  Kosinthos,  Kompsatos).  A  new 
species  of  Salaria  is  being  described. 

17b.  Base  of  pelvic  fins  located  below  or  posterior  to  position  of  pectoral  fm 


base  . . .  . . .  18 

18a  (17b).  Pelvic  fins  fused  medially  to  form  a  disk  (Fig.  9a) . 19 

18b.  Pelvic  fins  normal,  not  forming  a  disk  . . 26 


19a  (18a).  A  pair  of  large,  threadlike  pipe-shaped  nostrils  protrude  above  up¬ 
per  lip  (Fig.  10).  TL  ~1 1  cm  (Gobiidae) . Proterorhinus  marmoratus 

Coastal  Black  Sea  and  Danubian  species  upstream  to  Vienna.  In  Greece,  it 
occurs  in  the  Evros  River  and  springs  of  St.  Giannis  near  Serres  (Strymon 
drainage).  The  species  was  introduced  accidentally  in  the  Great  Lakes  of 
North  America. 


19b.  Nostrils  normal,  not  projecting  forward 


20 
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20a  (19b).  Dermal  perianal  organ  (pitted,  raised  cardiform  area)  surrounding 
the  anus  and  flanking  the  base  of  the  urogenital  papilla,  and  anteriorly 


along  midventral  line  of  the  scaleless  abdomen  (Fig.  9b)(Gobiidae) . 21 

20b.  Dermal  perianal  organ  absent  (Fig.  9a)(Gobiidae) . 22 


21a  (20a).  Lateral  body  coloration  light  with  black  vertical  bands,  extending 
about  two-thirds  of  body  height,  smaller  than  one-half  the  length  of  disk 
formed  by  the  pelvic  fins.  Perianal  organ  small,  smaller  than  one-half  the 
length  of  the  pelvic  fm  disk.  TL  ~3  cm .  Economidichthys  trichonis 

Endemic  to  Lake  Trichonis.  Probably  lives  in  the  entire  Acheloos  River 
system  and  Lakes  Lysimacheia,  Ozeros  and  Amvrakia.  Theoretically,  the 
smallest  fish  of  fresh  waters  of  Europe,  as  reproductively  mature  individuals 
are  less  than  18  mm. 

21b.  Few  to  many  well-developed  distinct  dark  irregular  blotches  or  short 
dark  bars  covering  more  than  one-half  of  body  sides  even  in  young  indi¬ 
viduals.  Perianal  organ  large,  larger  than  one-half  of  the  pelvic  fm  disc. 

TL  ~5.5  cm . Economidichthys pygmaeus 

Endemic  to  Lefkada  (Zoodochos  Pigi  spring  or  Megali  Vrisi,  which  become 
dry),  spring  of  Vlycho  near  Vonitsas  and  the  Louros  drainage  system 
(springs  of  Barbanakou,  Filipada,  and  in  Louros  mainstream  at  St.  Geor- 


gios).  Also  in  Lake  Trichonis. 

22a  (20b).  Head  lateral  line  canal  present . 23 

22b.  Head  lateral  line  canal  absent . Knipowitschia  milleri 

Endemic  species  to  the  Acheron  River  system  in  Epiros. 

23a  (22a).  Posterior  oculoscapular  canal  present  (Fig.  11) . 24 

23b.  Posterior  oculoscapular  canal  always  absent.  Vertebrae  30  or  31 

(range=29-3 1 ) . Knipowitschia  panizzae 

Introduced  species  from  Italy,  and  recorded  from  Evinos  River  in  Greece 
without  confirmation. 

24a  (23a).  Preopercular  canal  present  (Fig.  11) . 25 


24b.  Preopercular  canal  absent.  Snout  about  equal  to  or  less  than  eye  diame¬ 
ter.  Gap  between  circumorbital  and  postorbital  sections  of  anterior  oculos¬ 
capular  canal.  Lateral  bars  less  distinct.  D2  1-8;  A  1-8;  L.L.  32-33;  PI 
15-16 . . Knipowitschia  goerneri 

Endemic  species  of  Kerkyra  (Korfu)  Island.  Found  in  springs  of  lagoons  of 
Korission. 
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25a  (24a).  Head  lateral  line  canal  present  (Fig.  1 1).  Body,  from  snout  to  cau¬ 
dal  fin,  completely  scaled.  Vertebrae  modally  21-32  (range  30-33);  poste¬ 
rior  oculoscapular  canal  usually  present;  male  individuals  with  4-5 
vertical  dark  stripes  on  body  sides.  TL  ~5  cm . Knipowitschia  caucus ica 

In  Greece,  it  occurs  in  the  systems  of  Evros,  Filiouris  at  Komotini,  Lake 
Vistonis,  Nestos,  Lake  Koronia,  Lake  Volvi,  and  the  Axios,  Loudias,  and 
lower  Aliakmon  river  systems.  Mavroneri  Katerinis  and  Lake  Trichonis. 

Also  occurs  along  shores  of  Samothraki  Island.  The  Trichonis  population 
may  be  a  different  species  or  may  have  been  transferred  there  by  chance. 
Occasionally  occurring  near  estuaries  and  seashores. 

25b.  Scales  on  back  rare  from  snout  to  tail;  few  scales  restricted  below  length 
of  lateral  line.  Male  individuals  with  numerous  dark  vertical  dark  stripes 
on  body  sides . Knipowitschia  thessala 


Endemic  species  of  Thessaly.  Occurs  in  the  Pinios  River,  the  Mati  of 
Timavou  and  Lithaio  (in  Trikala). 

26a  (18b).  With  two  dorsal  fins  (Fig.  12a)  . 27 

26b.  With  one  dorsal  fm  or  D1  and  D2  joined  to  appear  as  one  (Fig.  2) . 30 

27a  (26a).  Dorsal  fins  not  connected  (Fig.  12a).  Slender  caudal  peduncle . 28 

27b.  Connection  between  two  dorsal  fins  weak  or  absent  (Fig.  12b).  Caudal 

peduncle  thick  (Percidae) . 29 


28a  (27a).  Body  covered  with  cycloid  scales  (Fig.  13a).  Sides  of  body  without 

spotted  or  dark  stripes  (Atherinidae).  TL  ~15  cm . Atherina  boyeri 

Widely  distributed  coastal  Mediterranean  and  Black  Sea  species.  In  Greece, 
it  lives  in  coastal  waters  near  the  mouths  of  large  rivers.  In  Lake  Trichonis, 
the  previous  remarkable  fishery  population  and  ecology  have  been  decreas¬ 
ing  by  overfishing. 

28b.  Body  covered  with  ctenoid  scales  (Fig.  13b).  Body  with  spotted  and/or 
dark  zones  on  body  sides.  1^^  dorsal  fin  with  8-9  spines.  TL  ~15  cm  (Perci¬ 
dae) . .  Zingel  balcanicus 

Endemic  to  the  Axios  River  system.  Recorded  only  from  the  former- Yu¬ 
goslavian  portion  of  the  river  where  it  is  rare. 

29a  (27b).  Posterior  portion  of  1^^  dorsal  fm  with  black  spot  (Fig.  12b).  Anal 

fm  II  8-10.  TL  ~21  cm . Perea  fluviatilis 

A  widespread,  temperate  zone  species  of  Europe.  In  Greece,  it  lives  in  the 
lower  Aliakmon  River,  Axios  River,  Lake  Doirani,  Lake  Koronia,  Lake 
Volvi,  and  Strymon  and  Evros  rivers.  Previously  it  occurred  in  the  drained 
Lake  Xiniada  in  Thessaly.  Also,  it  has  been  introduced  and  is  successful  in 
Lake  Kastoria. 
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29b.  Posterior  portion  of  dorsal  fm  without  black  spot.  Anal  fin  11,1 1-13. 

TL  ~30  cm . .  Stizostedion  lucioperca 

European  species  occurring  in  Greece  only  in  Evros  River  system. 

30a  (26b).  Anterior  dorsal  and  anal  fms  with  stout  spines.  Posterior  margin  of 
black  opercular  flap  with  a  red/orange  spot  (Centrarchidae).  TL  -15  cm 
. Lepomis  gibbosus 

North  American  species  introduced  to  Europe  and  acclimating  freely  in 
fresh  waters.  It  is  unknown  how  it  was  introduced  in  Greece.  Thriving 
populations  in  river  systems  of  Evros  (Ardas),  Strymon  (Kerkini),  Axios, 
Loudias,  and  the  lower  Aliakmon,  Prespa  lakes,  and  artificial  lakes  of 
Tavropou. 

30b.  Anterior  dorsal  and  anal  fms  with  soft  rays . 31 

31a  (30b).  Midventral  line  with  serrated  keel  anterior  to  anal  fm  origin  (Fig. 

14)  (Clupeidae) . . 32 

31b.  Midventral  line  without  serrated  keel  anterior  to  anal  fin  or  with  small 

keel  without  serrations  (Fig.  2)  . . .  .  .  .  .  34 

32a  (31a).  Roof  of  oral  cavity  with  small  teeth  (Fig.  15).  (subgenus  Caspia- 
losa).  Gill  rakers  more  than  77  on  1^^  gill  arch.  Belly  scales  of  keel  num¬ 
ber  30-33  . . . .  33 

32b.  Roof  of  oral  cavity  (palatine  and  vomerine  bones)  without  small  teeth. 

Gill  rakers  few,  32-36  on  1^^  gill  arch.  Pointed  belly  scales  on  keel  number 
36-37.  TL  ~45  cm. . Alosa  fallcxx 

Anadromous  coastal  Mediterranean  species  moving  upstream  in  large 
rivers  for  spawning.  It  has  been  observed  near  the  estuarine  areas  of  the 
Evros  River,  Lake  Vistonis,  and  the  Nestos,  Strymon,  Pinios,  Acheloos, 
Louros,  Arachthos  and  Kalamas  rivers. 

33a  (32a).  Gill  rakers  77-98.  TL  -25  cm . Alosa  vistonica 

Non-migratory  endemic  species  to  Lake  Vistonis;  considered  extinct.  Lake 
Vistonis  is  open  to  the  North  Aegean  Sea  by  the  Porto-Lagos  lagoon  and 
estuary;  however,  this  species  has  never  been  observed  to  migrate  to  the  sea. 

33b.  Gill  rakers  101-130.  TL -35  cm  . . Alosa  macedonica 

Non-migratory  endemic  species  of  Lake  Volvi  in  Macedonia,  where  it  is 
exploited  as  a  low  cost  protein  source. 


35 


34a  (31b).  Lower  jaw  with  small  teeth 
34b.  Lower  jaw  without  small  teeth  . 


37 
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35a  (34a).  Dorsal,  caudal,  and  anal  fms  dark.  Dark  spots  present  above  pecto¬ 
ral  fin.  Dorsal  fm  I,  1 1-12.  TL  -7  cm  (Valenciidae) . Valencia  letourneuxi 

Endemic  to  Greece.  It  occurs  in  Kerkyra  (lagoons  of  Halikiopoulou,  Dasia, 
Lefkimi,  where  they  are  rapidly  disappearing),  and  the  systems  of  Kalamas 
(near  Drepano  of  Igoumenitsa),  the  Acheron  (springs  Kipselis,  Kastriou, 
canals  nearby  Ammoudia),  the  Louros  (springs  of  Barbanakou),  Lefkada 
(Megali  Vrisi  and  Zoodochos  Pigi,  which  recently  has  dried  up),  and  the 
Pinios  and  Alphios  rivers  of  Peloponessos. 

35b.  Dark  margin  absent  on  dorsal,  caudal,  and  anal  fms,  or  present  only  on 

dorsal  fm.  Dark  spot  absent  above  pectoral  fm . 36 

36a  (35b).  Dorsal  fm  with  10-12  rays.  Vertical  dark  lines  on  body.  TL  ~6  cm 

(Cyprinodontidae) . Aphanius  fasciatus 

Coastal  Mediterranean  dispersing  species  with  a  high  resistance  to  high 
salinities  of  lagoons.  It  is  particularly  abundant  in  all  lagoons  of  the  country, 
from  the  Evros  River  system  to  Kerkyra. 

36b.  Dorsal  fm  with  7-9  rays.  Vertical  dark  lines  absent  on  body.  TL  ~5  cm 

(Poeciliidae) . .  Gambusia  holbrooki 

North  American  species  which  has  been  introduced  and  acclimated  to 
swampy  areas  of  many  territories  for  the  biological  control  of  mosquito 
larvae,  an  event  that  helped  the  reduction  of  cases  of  malaria  and  other 
swamp  fevers.  In  Greece,  it  is  successful  almost  entirely  where  it  occurs  in 
still  waters,  even  on  islands.  It  has  been  observed  to  compete  and  attack 
Valencia  letourneuxi  where  they  are  conspecific. 


37a  (34b).  Three  pairs  of  barbels  around  mouth  (Fig.  16c).  Small  fishes  with 

particularly  small  eyes  and  scales  (Cobitidae  and  Balitoridae)  . . 38 

37b.  Barbels  absent  or  only  two  pair  present  around  mouth  (Fig.  16b).  Eyes 

and  scales  of  normal  size  (Cyprinidae) .  49 

38a  (37a).  Subocular,  bilobed  spine  present  and  embedded  in  skin,  which  be¬ 
comes  apparent  to  touch  when  rubbed  (Fig.  17).  Regular  lines  of  pigmen¬ 
tation  present  on  body . 39 


38b.  Subocular  bilobed  spine  absent.  Body  pigmentation  variable  (Balitoridae)  .  47 

39a  (38a).  Caudal  fm  with  14  rays  (2  unbranched  and  12  branched).  Lateral 
body  pigmentation  does  not  form  regular  patterns  or  lines  of  zones  of 
Gambetta  (Fig.  18).  TL  ~12  cm . Sabanejewia  balcanica 

Endemic  species  of  southern  former  Yugoslavia  and  Greece.  In  Greece,  it 
occurs  in  river  systems  of  Pinios,  Loudias,  Axios,  Doirani,  and  Gallikos. 

Also  in  the  Evros  (Erythropotamos)  where  its  populations  probably  belong 
to  another  species. 
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39b.  Caudal  fm  with  16  rays  (2  unbranched  and  14  branched).  Lateral  body 
pigmentation  form  definite  patterns  or  zones  of  Gambetta  (Fig.  18) 

(Cobitidae) . 40 

40a  (39b).  Dorsal  surface  of  caudal  peduncle  with  darkened  round  or  ellipsoi¬ 
dal  spots.  Base  of  pectoral  fin  of  male  individuals,  smaller  than  females, 
have  one  Canestrini  scale  (Fig.  18g)(C<9Z)/rw)  .  . . .41 

40b.  Upper  portion  of  caudal  peduncle  does  not  have  such  characteristic  spots 
or  other  small  and  irregular  spots.  The  base  of  pectoral  fin  has  two  Can- 
estrini  scales  (Fig.  1 8h)(Bicanestrini)  . .  42 


th 

41a  (40a).  Markings  of  first  line  of  sides  of  body  (4  zone  of  Gambetta)  are 
round  or  ellipsoidal  and  usually  independent  (Fig.  18a).  TL  ~12  cm 

. Cobitis  vardarensis 

Endemic  to  southern  former  Yugoslavia  and  Greece.  Lives  in  river  systems 
Axios,  Loudias,  lower  Aliakmon,  and  Pinios  of  Thessaly,  and  also  occurs 
in  Gallikos  River  drainage,  Anthemounta,  and  Mavroneri  Katerinis. 

41b.  Markings  of  first  line  (4^^  zone  of  Gambetta)  sometimes  separated  but 

usually  form  a  continuous  band  (Fig.  18c)  TL~11  cm  .  .  .  Cobitis  stephanidisi 

Endemic  species  first  described  from  springs  of  Kefalovrisi  of  Velestino 
(Feres),  which  have  dried  up  resulting  in  the  species  extirpation.  It  is 
expected  to  survive  in  the  Lake  Karla  system  where  Velestiino  spring 


previously  flowed.  Not  known  elsewhere. 

42a  (40b).  Body  long,  slender  or  chubby  .  . . 43 

42b.  Body  short  and  robust  with  high  profile,  more  or  less  laterally  com¬ 
pressed  . . . 45 


43a  (42a).  Markings  of  third  line  (2”^  zone  of  Gambetta)  relatively  large, 
round  and  distinct  extending  to  the  base  of  caudal  fin.  Markings  of  second 
line  (3*^^  zone  of  Gambetta)  is  significantly  reduced,  often  absent.  Mark¬ 
ings  of  fourth  line  (1^^  zone  of  Gambetta)  small  and  round  arranged  length¬ 
wise  horizontally,  appearing  as  a  dark  band  along  the  length  of  the  side. 

TL  ~13  cm  (Fig.  18a)  . . . .  Cobitis  meridionalis 

Endemic  species  of  the  Prespa  system  (Vrigiides).  Occurs  in  Megali  Prespa 
Lake  (beach  across  from  village  of  Psarades)  and  Mikri  Prespa  Lake. 

43b.  Markings  of  third  line  (2”^  zone  of  Gambetta)  normal  and  small,  where 
the  fourth  line  (1^^  zone  of  Gambetta)  blends  with  the  second  zone  of  Gam¬ 
betta,  whichever  is  generally  well  developed.  4^^  zone  of  Gambetta  has 
large  or  relatively  large  markings 


44 
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44a  (43b).  Lateral  body  spots  or  markings  are  very  large  and  independent.  TL 

- 1 2  cm  (Fig.  1 8a) . Cobitis  trichonica 

Endemic  species  of  the  Acheloos  River  system.  Occurs  in  Lake  Trichonis 
and  its  canals,  which  join  Lake  Ozeros  to  the  Acheloos  River,  and  has  been 
observed  in  Lake  Amvrakia.  Recently,  it  has  been  reported  to  occur  in  the 
irrigation  canals  flowing  near  the  lagoons  of  Messolonghi. 

44b.  Lateral  spots  on  body  sides  are  small  to  very  small.  TL  ~13  cm  (Fig. 

18e) . . .  Cobitis  strumicae 

Endemic  species  of  eastern  Macedonia  and  Thraki.  It  occurs  largely  in 
almost  the  entire  system  of  the  Strymon  (with  the  exception  of  the  Aggitis), 
Nestos,  Lake  Vistonis,  Filiouris,  and  headwaters  that  flow  into  the  vicinity 
of  Alexandroupoli  and  the  Evros. 


45a  (42b).  Third  zone  of  Gambetta  absent.  TL  ~6  cm  (Fig.  18d). 

.  Cobitis  arachthosensis 


Endemic  to  the  Arachthos  River. 


45b.  Third  zone  of  Gambetta  present,  sometimes  with  a  row  of  small  dots  be¬ 
low  the  3*^^  Gambetta  zone  . 46 

46a  (45b).  Lateral  markings  or  spots  of  4^^  zone  of  Gambetta  are  normally 

large  (Fig.  18f).  TL  ~10  cm  . .  Cobitis  hellenica 

Endemic  to  the  Louros  River,  primarily  in  its  lowland  canals  and  springs 
(Barbanakos,  Stefani,  and  others). 

46b.  Lateral  spots  of  4^^  zone  of  Gambetta  are  very  small  and  aligned  in  a  row 

(Fig.  18f).  TL  ~1 1  cm . Cobitis  punctilineata 

Endemic  to  the  Aggitis  River  system.  Occurs  in  canals  that  flow  through 
the  plains  of  Filippoi,  near  the  town  of  Drama,  Macedonia. 

47a  (38b).  Caudal  fin  not  forked.  TL  ~7  cm  ..........  .  Barbatula  barbatula 

European  species  found  in  the  Axios  River  system  both  in  Greece  and  the 
former  Yugoslavia.  Occurs  in  entire  upper  portions  and  sometimes  lower 
sections  of  Aliakmon  River. 


47b.  Caudal  fm  forked  . 48 

48a  (47b).  Caudal  peduncle  low,  less  than  45  %  SL;  barbels  small.  TL  ~  7  cm. 

. .  . .  Barbatula  bureschi 

Endemic  species  in  the  Strymon  drainage  and  the  Nestos  River,  occuring, 
in  Greek  and  Bulgarian  parts  of  both  rivers. 

48b.  Caudal  peduncle  high,  greater  than  54  %  SL;  barbels  large.  TL  ~6  cm. 

. . .  Barbatula  pindus 
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Endemic  to  Aoos  River.  Occurs  in  Sarandaporos  River  from  the  village  of 


Eftachori  and  downstream. 

49a  (37b).  Barbels  present  around  mouth  (Fig.  16) . 50 

49b.  Barbels  absent  around  mouth  (Fig.  2)  . . . . 61 

50a  (49a).  Two  pairs  of  barbels  around  mouth  (Fig.  16b) . 51 

50b.  One  pair  of  barbels  around  mouth  (Fig.  16a)  . 58 


51a  (50a).  Dorsal  fin  very  long  (D:  IV,  17-22),  more  than  three  times  greater 
than  the  anal  fin  length;  large  scales,  lateral  line  35-38.  TL  -1.2  m. 

. Cyprinus  carpio 

Widely  distributed  species  of  Eurasia. 

51b.  Dorsal  fin  small  (4  spines,  8  rays),  equal  or  slightly  larger  than  anal  fin. 


Scales  small,  more  than  45  in  lateral  line . . . 52 

52a  (51b).  Body  coloration  mottled,  covered  with  irregular  dark  blotches  and 

spots . . . . . 53 

52b.  Body  coloration  of  adults  uniform  without  blotches  and  spots . .  56 

53a  (52a).  Last  unbranched  ray  of  dorsal  fin  with  denticles  (Fig.  19)  . 54 

53b.  Last  unbranched  ray  of  dorsal  fin  without  denticles.  TL  -25  cm. 


. . Barbus  peloponnesius 

Widely  distributed  species  in  the  Danube  and  Balkan  river  systems.  In 
Greece,  it  lives  in  all  river  systems  which  flow  into  the  Ionian  Sea,  from  the 
Alphios  in  Peloponnesos,  to  the  Kalamas  River  in  Epiros.  Also,  it  occurs  in 
the  Aliakmon,  Loudias,  Axios,  Gallikos,  Mavroneri  Katerinis.  Formerly,  it 
was  divided  into  three  subspecies:  B.  p.  peloponessius\  B.  p.  rebeli;  and  B. 
p.  petenyi,  which  warrant  investigation  as  some  populations  may  be  distinct 
species. 

th 

54a  (53a).  Scales  small  (lateral  line=55-80),  denticles  on  4  unbranched  ray, 

normal  to  stout.  TL  -25  cm . Barbus  cyclolepis 

Widely  distributed,  endemic  species  to  southern  Balkan  peninsula  (Yugo¬ 
slavia,  Greece,  Turkey,  and  Bulgaria).  In  Greece,  it  occurs  almost  in  all 
rivers  flowing  into  the  Aegean  Sea  from  the  Sperchios  to  the  Evros  rivers, 
except  for  those  in  which  B.  pJ.  ponnesius  occurs.  Recognized  subspecies: 

B.  c.  cyclolepis  (Evros  and  Lake  Vistonis);  B.  c.  strumicae  (Nestos,  Stry- 
mon.  Lake  Volvi,  and  Lake  Koronia);  B.  c.  choloremanticus  (Holorema  near 
Almyron)  in  Thessaly;  and  B.  c.  sperchiensis  (Sperchios).  Populations  in 
Halkidiki  and  Platamona  streams,  and  Pinios  River  in  Thessaly  have  not 
been  classified  and  may  belong  to  separate  species. 
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54b.  Scales  somewhat  larger  (lateral  line=48-64),  denticles  of  4^*^  unbranched 
ray  weak,  many  times  barely  visible . . . 


55 


55a  (54b).  Lateral  line  scales  48-57.  Rheophilic  species  of  Euboea.  TL  ~25 
cm. 


Barbus  euboicus 


Endemic  to  Euboea.  This  highly  endangered  species  occurs  mainly  in 
streams  Manikion  or  Manikiotiko. 


55b.  Lateral  line  scales  52-64.  Limnophilic  species  and  rarely  in  rheophilic  en¬ 
vironments.  TL  -40  cm  . . .  Barbus  prespensis 

Endemic  to  Lake  Prespa  system  where  it  is  exploited  for  food.  Moves  into 
local  streams  for  spawning. 

56a  (52b).  Margin  of  dorsal  fm  concave  (Fig.  20a).  Top  of  dorsal  fm,  when  ly¬ 
ing  on  dorsum,  almost  reaches  or  surpasses  a  perpendicular  line  passing 
the  origin  of  the  anal  fm.  Scales  small  (lateral  line=54-65).  TL  ~80  cm. 

. . . .  Barbus  macedonicus 

In  Greece,  it  occurs  in  the  Axios,  Aliakmon,  and  the  Pinios  River  of 
Thessaly.  Two  subspecies:  B.  b.  macedonicus  (Axios,  Aliakmon)  and  B.  b. 
thessalus  (Pinios);  the  latter  should  be  elevated  to  specific  rank  {Barbus 

thessalus). 

56b.  Margin  of  dorsal  fm  straight  or  slightly  concave  (Fig.  20b).  Top  of  dor¬ 
sal  fm  straight,  and  when  lying  on  dorsum,  does  not  reach  a  perpendicular 
line  at  origin  of  anal  fm.  Scales  somewhat  large  (lateral  line=43-60)  .  57 

57a  (56b).  Scales  relatively  large  (lateral  line=43-53);  snout  relatively  long 
(about  40  %  of  length  of  head);  caudal  peduncle  deep  (about  71  %  of  its 
length.  TL  ~60  cm . . .  Barbus  graecus 

Endemic  to  Greece,  where  it  lives  exclusively  in  the  Sperchios  River  and 
the  lake  systems  of  Yliki  and  Paralimni  in  Boetia. 

57b.  Scales  relatively  small  (lateral  line=52-60);  snout  relatively  short  (about 
36  %  of  head  length);  caudal  peduncle  relatively  narrow  (about  65  %  of 
its  length).  TL  -70  cm. .  Barbus  albanicus 

Despite  the  name,  the  species  is  endemic  to  Greece.  It  is  found  in  all  large 
permanent  river  drainages  of  western  Greece  (Pinios  of  Peloponnesos, 
Momos,  Evinos,  lakes  Trichonis  and  Lysimacheia,  rivers  Acheloos,  Arach- 
thos,  Louros,  Kalamas,  Lake  Pamvotis,  loannina,  and  wherever  there  are 
records  of  capture.  Absent  in  Albania.  The  population  in  Lake  Pamvotis  is 
critically  endangered. 
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58a  (50b).  Dorsal  and  anal  fins  with  rounded  (convex)  margin;  caudal  fin  mar¬ 
gin  straight  or  slightly  concave.  Scales  very  small  (lateral  line=94-100). 

TL  ~25  cm . Tinea  tinea 

Widely  distributed  species  in  Europe.  In  Greece,  it  occurs  in  all  of  the  large 
permanent  river  systems  from  Thessaly  to  Evros  River  in  Thraki.  It  is  absent 
in  all  rivers  and  lakes  of  western  and  southern  Greece. 

58b.  Dorsal  and  anal  fins  with  straight  or  concave  margins;  caudal  fm  forked. 

Scales  normal  size  (lateral  line  about  45).  Small  fishes,  TL  ~12  cm . 59 

59a  (58b).  Caudal  peduncle  thick,  a  bit  higher  than  long,  greater  than  37% 

SL.  TL  ~1 1  cm . Gobio  gobio 

Widely  distributed  species  in  Europe.  In  Greece,  it  occurs  in  all  permanent 
river  systems  from  Thessaly  to  Evros  River  in  Thraki,  but  absent  in  the 
systems  of  Lake  Koronia  and  Lake  Volvi.  In  some  waters  (e.g.  Gallikos)  it 
is  particularly  abundant.  Subspecies:  G.  g.  bulgarieus;  G.  g.  baleanieus;  G. 
g.  feraeensis  (Kefalovriso  Velestino),  which  may  warrant  elevation  to 
specific  rank. 

59b.  Caudal  peduncle  slender,  longer  that  high,  less  than  30  %  SL . 60 

60a  (59b).  Anal  fm  shorter  than  base  of  pelvic  fm.  Vertical  bands  distinct  on 
sides  of  body.  Scales  with  small  oblong  keel.  Top  and  bottom  of  posterior 
part  of  caudal  peduncle  without  yellowish  marks.  TL  ~12  cm.  Gobio  banareseui 

The  species  occurs  in  the  Axios,  Loudias,  Aliakmon,  and  Pinios  river 
systems. 

60b.  Scales  without  oblong  keels.  Posterior  portion  of  caudal  peduncle  with 

characteristic  yellowish  marks.  TL  ~12  cm . Gobio  elimeius 

The  species  occurs  in  the  Axios,  Loudias,  Aliakmon,  and  Pinios  river 
systems. 

61a  (49b).  Dorsal  fm  much  larger  than  anal  fm;  dorsal  fm  base  length  about 


triple  that  of  anal  fm  (Fig.  21) . 62 

61b.  Dorsal  fm  normal  length;  dorsal  fm  base  length  about  the  same  or 

smaller  than  base  of  anal  fm  (Fig.  2) . 63 


62a  (61a).  Anal  fm  usually  with  six  branched  rays.  1^^  dorsal  unbranched  fm 
spine  with  28-29  denticles.  L'lteral  line  with  30-35  scales.  Gill  rakers  23- 
35.  TL  ~50  cm . Carassius  earassius 

Widely  distributed  European  species.  In  Greece,  it  is  recorded  only  from 
the  Evros  River  system  (tributary  Ardas). 
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62b.  Anal  fin  usually  with  five  branched  rays.  1^^  dorsal  fin  spine  with  10-15 
denticles.  Lateral  line  with  26-31  scales.  Gill  rakers  40-53.  TL  ~21  cm 
. . .  Carassius  gibelio 

Widely  distributed  species  of  eastern  Europe.  In  Greece,  the  only  native 
population  seems  to  have  originated  in  the  Strymon  and  Evros  river  systems. 
Other  populations  in  the  country  have  been  introduced.  The  species  today 
has  spread  to  almost  all  large  aquatic  systems  of  the  country  as  it  success¬ 
fully  acclimates  to  all  conditions,  due  mainly  to  its  reproduction  by  gyno- 
genesis. 

A  closely  related  species,  Carassius  auratus,  is  reared  in  closed  culturing 
systems  for  the  aquarium  industry.  It  has  been  introduced  to  lakes  Lysi- 
macheia  and  Kouma  of  Crete. 

63a  (61b).  Mouth  transverse  with  large  homy  lips  (Fig.  22b) . 64 

63b.  Mouth  normal  or  horseshoe-shaped,  lips  normal  or  thick  (Fig.  22a,  c)  ....  65 

64a  (63a).  Mouth  slightly  curved.  Slender  keratinized  lower  lip;  gill  rakers  22- 
27;  pharyngeal  teeth  usually  6-6  or  6-7;  dorsal  fm  III  (7)  8;  anal  fm  III 
9(10);  lateral  line  58-63.  TL  ~35  cm . Chondrostoma  prespense 

Endemic  to  Prespa  Lake  system. 

64b.  Mouth  straight;  fatty,  keratinized  lower  lip.  Gill  rakers  27-34;  pharyn¬ 
geal  teeth  6-5  or  6-6;  dorsal  fm  III  8(9);  anal  fin  III  9(10);  lateral  line  57- 
66.  TL  ~50  cm .  Chondrostoma  vardarense 

Endemic  species  of  southern  Balkans.  It  lives  in  the  Pinios  (Thessaly), 
Aliakmon,  Aoos  of  Epims,  Loudias,  Axios,  Strymon,  Nestos  of  Macedonia, 
and  Evros  (Macedonia)  river  systems.  Populations  in  the  Aoos  River 


probably  should  be  classified  as  Chondrostoma  nasus. 

65a  (63b).  Anal  fm  very  large  with  more  than  20  branched  rays . 66 

65b.  Anal  fm  with  fewer  than  20  branched  rays  . 67 

66a  (65a).  Dorsal  fm  with  nine,  rarely  10  branched  rays.  Pharyngeal  arch  with 

one  tooth  row.  TL  ~70  cm . Abram  is  brama 


Widely  distributed  European  species.  In  Greece,  it  lives  only  in  the  Evros, 
Strymon,  and  Volvi  systems. 

66b.  Dorsal  fm  with  seven,  rarely  eight  branched  rays.  Pharyngeal  arch  with 

three  tooth  rows.  TL  ~50  cm .  Parabramis  pekinensis 

Chinese  species  introduced  to  the  Albanian  portion  of  Mikri  Prespa  Lake. 
Individuals  have  been  captured  in  the  Greek  part  of  the  lake. 
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67a  (65b).  Lateral  line  not  complete  (Fig.  23).  If  the  lateral  line  is  not  appar¬ 
ent  as  the  scales  easily  fall  off  the  body,  then  the  anal  fm  has  10-12 
branched  rays.  Small  fishes.  XL  ~7  cm . . . . . 68 

67b.  Lateral  line  complete.  Anal  branched  fin  ray  number  variable.  Fishes  of 

medium  to  large  size . . . 73 


68a  (67a).  Scales  very  small,  80-92  in  lateral  line;  body  cylindrical  with  large 
dark  spots  or  stripes  on  body  sides;  dorsal  III  7;  anal  III  6-7.  XL  ~6  cm 

. . .  Phoxinus  phoxinus 

Widely  distributed  European  species.  In  northern  Greece,  it  is  reported  from 
the  Filiouris  River  near  Komotini,  small  rivers  of  Maroneia  in  Xhraki,  the 
small  rivulets  of  Marmara  of  Paggaiou,  the  Aggitis  (waters  of  Drama  and 
elsewhere  in  the  drainage)  and  the  Loudias  River  in  Macedonia.  Several  of 
these  populations  are  considered  extirpated  due  to  water  abstraction  and/or 
pollution. 

68b.  Scales  small  to  large  with  fewer  than  60  rows,  usually  75  on  sides  of 

body . . . .  69 

69a  (68b).  Body  ellipsoidal  with  dorsal  and  anal  fins  proportionally  high.  Lat¬ 
eral  portion  of  caudal  peduncle  with  a  dark  stripe;  dorsal  III  8-10;  anal  8- 
9;  lateral  line  4-8  squamous  34-40.  XL  ~4  cm  ,  Rhodens  amarus 

Widely  distributed  European  species.  In  Greece,  it  occurs  almost  every¬ 
where  from  Xhessaly  to  the  Evros  River  except  in  western  Greece.  It  was 
accidentally  introduced  in  the  Acheloos  River  system  (Lake  Ozeros). 

69b.  Body  not  ellipsoidal  with  dorsal  and  anal  fins  of  normal  length.  Lateral 
portions  of  caudal  peduncle  usually  without  dark  stripe;  if  present,  it  ex¬ 
tends  along  the  entire  body  sometimes  up  to  the  head  . . . 70 

70a  (69b).  Anal  fm  with  10-13  branched  rays.  Scales  fall  off  body  easily.  Gill 
rakers  14-16;  dorsal  fm  III  8(9);  anal  fm  III  10-13;  lateral  line  2-12, 
sqamously  40-50.  XL  ~5  cm . Leucaspius  delineatus 

Widely  distributed  European  species.  In  Greece,  it  occurs  in  the  Evros  River, 
and  probably  is  present  in  the  Nestos  River,  too. 

70b.  Anal  fm  with  fewer  than  nine  branched  rays.  Scales  firmly  attached  .....  71 

71a  (70b).  Scales  large,  27-32,  in  oblique  rows  on  sides  of  body.  Pharyngeal 
teeth  in  two  rows  (Fig.  24b);  dorsal  fin  III  7-91  anal  fm  III  (7)8-9;  lateral 
line  4-27,  squamous  27-32.  XL  ~6  cm . Ladigesocypris  ghigii 

Endemic  species  living  exclusively  in  fresh  waters  of  the  island  of  Rhodes. 

71b.  Scales  of  normal  or  small  size,  more  than  33  rows  on  sides  of  body.  Pha¬ 
ryngeal  teeth  in  one  row  (Fig.  24a) 
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72a  (71b).  Scales,  particularly  the  belly  scales,  contact  each  other  but  are  not 
overlapping;  50-75  rows  of  scales  on  sides  of  body;  dorsal  fin  III  7;  anal 
fin  III  7;  lateral  line  0-12,  TL  ~7  cm .  Phoxinellus  epiroticus 

Endemic  species  which  lives  exclusively  in  lakes  Pamvotis,  loannina,  and 
Prespa  Lake  system.  Two  subspecies  have  been  described:  P.  e.  epiroticus\ 
and  P.  e.  prespensis,  which  may  be  a  valid  species. 

72b.  Scales  overlapping;  33-47  scale  rows  on  sides  on  body;  dorsal  fm  III  (6) 

7  (8);  anal  fin  6-7  (8);  lateral  line  (0-6  7-9  (10-13).  TL  ~6  cm 
. . . Pseudophoxinus  stymphalicus 

Endemic  species  of  southwestern  Greece,  and  southern  Yugoslavia  (Ochrid 
Lake).  In  Greece,  it  occurs  in  almost  all  permanent  waters  with  low  flows 
from  Marathon  and  Vravrona  of  Attica  to  Sperchios  and  from  Argolis 
(springs  of  Lemi)  to  Kerkyra.  In  Greece,  three  subspecies  recognized:  P.  s. 
stymphalicus,  P.  s.  marathonicus,  andP.  s.  thesproticus.  Another  subspecies 
lives  in  Lake  Ochrid  (P.  s.  minutus).  Recent  investigations  suggest  that  some 
of  these  subspecies  and  some  independent  populations  may  warrant  species 


recognition. 

73a  (67b).  Pharyngeal  teeth  in  one  row  (Fig.  24a)  . 74 

73b.  Pharyngeal  teeth  in  two  or  three  rows  (Fig.  24b,  c) . 86 

74a  (73a).  Scales  very  small,  110-124  along  length  of  lateral  line;  eyes  low, 

below  lateral  line . 75 

74b.  Scales  normal,  fewer  than  80  along  length  of  lateral  line;  eyes  in  usual 

position,  above  or  in  line  with  lateral  line . 76 


75a  (74a).  Dorsal  fm  with  seven  branched  rays;  body  coloration  normal,  uni¬ 
formly  silvery.  Gill  rakers  short  and  slender,  the  longest  ones  nearest  the 
opercle,  connected  at  their  bases  with  a  mucous  membrane;  abdominal 
keel  present  from  pectoral  fm  to  anal  fm;  dorsal  fm  III  7;  anal  fm  II-III  12- 
14.  TL~1  m. 

. Hypophthalmichthys  molitrix 

Asian  species  (Amour,  China)  introduced  into  many  eutrophic  freshwater 
lakes  to  help  sanitation  by  consuming  super  abundant  growth  of  algal 
biomass.  Introduced  in  Lake  Pamvotis,  loannina. 

75b.  Dorsal  fin  with  10  branched  rays;  body  coloration  usually  mottled  or 
marbled;  Gill  rakers  free  at  base;  abdominal  keel  only  behind  pelvic  fins 
(Fig.  25b,  c);  dorsal  fm  III  10;  anal  fm  III  15-17.  TL  ~1  m 


'  Aristichthys  nobilis 
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Asian  species  (southern  China)  introduced  with  the  analogous  purpose  of 
the  introduction  of//,  molitrix  in  Lake  Pamvotis,  loannina,  and  rivers  Evros 
and  Strymon  (Lake  Kerkini). 

76a  (74b).  Anal  fm  with  more  than  15  branched  rays  (anal  III  15-18);  lateral 

line  52-59;  gill  rakers  15-20.  TL  ~27  cm . .  Vimba  melanops 

Endemic  species  of  southern  Balkan  peninsula  (Bulgaria,  Turkey,  Greece 
and  former  Yugoslavia).  In  Greece,  it  occurs  in  the  Pinios  (Thessaly), 
Aliakmon,  Axios,  Lake  Volvi,  Strymon,  Nestos,  and  Evros  systems.  Over¬ 
fishing  during  its  anadromous  migrations,  has  threatened  local  populations 
in  Greece. 

76b.  Anal  fm  with  fewer  than  15  branched  rays  . . 77 

77a  (76b).  Anal  fm  with  six  branched  rays.  Narrow  black  band  on  sides  of 
body  from  beginning  of  snout  to  base  of  caudal  fm;  very  small  fish.  TL  ~8 
cm. 

. Pseudorasbora  parva 

Asian  species  (Japan,  China,  Korea,  Formosa,  and  Amour)  which  has  been 
introduced  in  all  European  countries.  It  was  accidentally  introduced  in 
Greece.  Today  it  occurs  in  Prespa  Lakes,  Aliakmon,  Loudias,  Lake  Koronia 
(collapsed  fishery),  and  Evros  systems. 

77b.  Anal  fm  with  seven  or  more  branched  rays;  narrow  black  band  absent  on 

sides  of  body  or  only  present  on  sides  of  body  and  absent  on  head  . 78 

78a  (77b).  Peritoneum  black  to  brown,  or  plain  with  numerous  black  spots  ...  .19 

78b.  Peritoneum  plain . 82 

79a  (78a).  Abdominal  keel  present  from  posterior  portion  of  pelvic  fm  base  to 

anal  fm  (Fig.  25b,  c).  Two  adjacent  rows  of  spots  below  lateral  line  absent  .  .  81 

79b.  Abdominal  keel  absent  from  pelvic  fm  base  to  anal  fm  (Fig.  25a).  Two 

adjacent  rows  of  small  spots  below  entire  length  of  lateral  line  . 80 

80a  (79b).  Dorsal  fm  with  eight  branched  rays;  anal  fm  with  8-10  branched 
rays;  lateral  line  usually  with  44-52  scales.  TL  ~16  cm 
. .  Phoxinellus  pleurobipunctatus 

Endemic  species  with  wide  distribution  in  rivers  and  small  streams  in 
western  Greece,  western  Peloponnesos,  and  north  to  fresh  waters  of  the 
island  of  Kerkyra,  except  Lake  Pamvotis,  loannina.  Recently  classified  as 
Telestes  pleurobipunctatus. 

80b.  Dorsal  fin  with  seven  branched  rays  and  6-1  branched  anal  fm  rays;  lat¬ 
eral  line  usually  with  50-56  scales.  TL  ~1 3  cm  ....  Pseudophoxinus  beoticus 
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Endemic  to  Beotia,  Occurs  only  in  Lake  Yliki  and  Paralimni  and  Kifisos 

River  and  streams  of  Boetia. 

81a  (79a).  Mouth  oblique,  superior.  Lower  jaw  projecting  forward  beyond  up¬ 
per  jaw;  gill  rakers  17-21;  dorsal  fm  III  6-7;  anal  fin  III  9-11;  lateral  line 
38-44.  XL  ~  1 1  cm  ................  .  Tropidophoxinellus  hellenicus 

Endemic  genus  and  species  in  Greece.  Occurs  only  in  Pinios  and  Alphios 
rivers  of  Peloponnesos,  and  Acheloos  River  and  its  associated  lakes.  Highly 
exploited  as  food  in  Lake  Trichonis. 

81b.  Mouth  horizontal  or  slightly  oblique,  inferior;  lower  jaw  almost  straight 
with  upper  jaw;  gill  rakers  11-13;  dorsal  fin  III  7-8;  anal  fm  III  9-10;  lat¬ 
eral  line  40-48.  XL  -12  cm  ...........  .  Tropidophoxinellus  spartiaticus 

Endemic  species  to  Peloponnesos.  Restricted  only  to  Evrotas,  Pamisos,  and 
Nedas  river  systems  in  Peloponnesos. 

82a  (78b).  Mouth  small,  lips  thick,  fleshy  with  developed  inner  lobes  or  with 
numerous  strong  fosed  lower  lip  lobes  (Fig.  22a).  Small  size  fishes  below 

15  cm  .......................................  83 

82b.  Mouth  normal,  lips  thin,  without  fleshy  thickening  (Fig.  22c).  Larger 

than  15  cm.  ...................................  84 

83a  (82a).  Black  spot  at  base  of  caudal  fm;  lower  lips  without  distinct  inner 
lobes,  but  enlarged  at  the  symphysis  of  lower  jaw;  dorsal  fm  III  7;  anal  fin 
III  7-8;  lateral  line  32-42.  XL -13  cm  .........  Pachychilon  macedonicus 

Endemic  species  of  southern  Balkan  Peninsula  (former  Yugoslavia-  Axios 
River  drainage).  In  Greece,  it  occurs  in  the  Axios,  Loudias,  lower  Aliakmon 
and  Pinios  (Xhessaly)  systems,  and  in  Himaditis  Lake  system  (western 

Macedonia,  Greece). 

83b.  Black  spot  at  base  of  caudal  fm  absent;  irregular  scattered  spots  on  body 
dorsum;  lower  lip  with  developed  middle  lobes  (Fig.  22a);  dorsal  fm  III  8; 
anal  fm  III  9;  lateral  line  42-46.  XL -13  cm  .........  Pachychilon  pictum 

Endemic  species  of  northwestern  Balkan  Peninsula  (Yugoslavia,  Albania, 
and  Greece).  In  Greece,  it  occurs  only  in  the  Aoos  River  drainage,  Epiros. 

84a  (82b).  Anal  fm  usually  with  eight,  rarely  nine  branched  rays;  pharyngeal 

teeth  5-5;  lateral  line  usually  with  37-40  scales.  XL  -35  cm  .  Rutilus,prespensis 

Endemic  to  Lake  Prespa  system. 

84b.  Anal  fm  usually  with  9-1 1  branched  rays;  pharyngeal  teeth  usually  6-6 
or  6-5;  lateral  line  usually  with  more  than  40  scales 
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85a  (84b).  Anal  fm  slightly  red  or  orange;  dorsal  fm  frequently  with  10 
(rarely  9)  branched  rays;  anal  fm  with  1 1  (rarely  10)  branched  rays.  TL 
~40  cm . Rutilus  rutilus 

Widely  distributed  European  species.  In  Greece  it  lives  in  almost  all 
permanent  waters  with  low  current  from  Thessaly  to  Evros  River.  Three 
subspecies  recognized:  R.  r.  mariza,  R.  r.  doiranemis,  and  R.  r.  vegariticus, 
which  may  be  a  valid  species. 

85b.  Anal  fin  yellow  or  uncolored;  dorsal  fm  usually  with  9  (rarely  10) 
branched  rays;  anal  fm  usually  with  9  or  10  (rarely  1 1)  branched  rays.  TL 
~  30  cm . Rutilus  ylikiensis 

Endemic  species  of  the  Yliki  and  Paralimni  lake  systems.  The  population 
in  the  lakes  of  the  Acheloos  system  probably  belongs  to  this  species  or  is  a 
new  species. 

86a  (73b).  Two  rows  of  small  spots  are  present  below  lateral  line  along  its  en¬ 
tire  length;  dorsal  fm  III  7-9;  anal  fin  III  12-17;  lateral  line  44-51;  TL  ~12 
cm 

. Alburnoides  bipunctatus 

Widely  distributed  European  species;  In  Greece,  it  occurs  in  the  Nestos, 
Strymon,  rivulets  of  Marmara  Paggaiou,  Axios,  Loudias,  Aliakmon,  Aoos, 
Pinios  of  Thessaly  and  the  Sperchios.  Three  subspecies  reported  in  Greece: 


A.  b.  prespensis,  A.  b.  thessalus,  and  A.  b.  strymonicus. 

86b.  Two  rows  of  spots  along  length  of  lateral  line  absent . 87 

87a  (86b).  Abdomen  rounded,  without  keel  between  pelvic  fm  base  and  anal 

fm  (Fig.  25a) . .  88 

87b.  Abdominal  keel  present;  keel  also  extends  from  anal  fm  to  base  of  pelvic 

fins  (Fig.  25b,  c) . . . 92 

88a  (87a).  Origin  of  dorsal  fm  clearly  in  front  of  a  perpendicular  line  passing 
through  origin  of  pelvic  fm  (Fig.  26a);  dorsal  fm  with  seven  branched 
rays;  dorsal  fm  III  7;  anal  fm  III  8;  lateral  line  43-45.  TL  ~1  m 


. Ctenopharyngodon  idella 

Asian  species  introduced  into  numerous  eutrophic  aquatic  ecological  sys¬ 
tems  for  the  confinement  of  stretches  of  aquatic  macrophytes.  In  Greece, 
it  has  been  introduced  in  Lake  Pamvotis,  loannina  and  the  artificial  lake  of 
Agra  near  Edessa. 

88b.  Origin  of  dorsal  fm  on  top  of  or  behind  a  perpendicular  line  passing 
through  the  origin  of  anal  fm  (Fig.  26b);  dorsal  fm  with  eight  or  more 
branched  rays  . . . . . .  . 
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89a  (88b).  Origin  of  dorsal  fm  on  top  of  or  slightly  behind  a  perpendicular 

line  passing  through  origin  of  pelvic  fins . . . 90 

89b.  Origin  of  dorsal  fm  almost  distinctly  behind  a  perpendicular  line  passing 

through  the  origin  of  pelvic  fins . . . 91 


90a  (89a).  Lateral  line  with  47-50  scales;  lateral  portions  of  body  with  a  usu¬ 
ally  vague  dark  band;  dorsal  fm  III  8;  anal  fm  III  8-9.  TL  ~16  cm 

. .  Leuciscus  keadicus 

Endemic  species  of  Greece  restricted  to  Evrotas  River,  Peloponnesos. 

90b.  Lateral  line  with  35-37  scales;  dark  lateral  band  absent  on  lateral  por¬ 
tions  of  body;  dorsal  fm  III  8-9;  anal  fm  III  8-9.  TL  ~8  cm 
. . . Leuciscus  borysthenicus 

Widely  distributed  species  of  eastern  Europe  and  western  Asia  Minor.  In 
Greece,  it  occurs  in  almost  all  waters  of  the  Evros  and  Strymon  rivers. 

91a  (89b).  Anal  fm  with  straight  margin,  and  usually  with  nine  branched  rays 
(Fig.  27a);  body  shape  broad  and  long;  snout  pointed;  mouth  small, 
slightly  oblique;  dorsal  fm  III  8-9;  anal  fm  III  9;  lateral  line  41-46.  TL  ~30 
cm  .  . . . . . . .  Leuciscus  svallize 

Endemic  species  of  western  Yugoslavia;  distinct  populations  in  Albania  and 
western  Greece  (Kalamas  and  Acheloos  rivers)  with  no  definitive  confir¬ 
mation  of  identification  of  the  Greek  populations,  which  may  warrant 
species  recognition. 

91b.  Anal  fm  with  convex  margin  (Fig.  27b).;  anal  fm  usually  with  eight 
branched  rays;  body  rounded  and  short;  snouth  rounded;  mouth  normal, 
strongly  oblique;  dorsal  fm  III  8;  anal  fm  III  8;  lateral  line  43-47.  TL  ~40 
cm  . . . .  Leuciscus  cephalus 

Widely  distributed  European  species.  In  Greece,  it  occurs  in  almost  every¬ 
where  except  eastern  Peloponnesos  (Argolis,  Evrotas).  It  occurs  in  fresh 
waters  of  Lesvos,  Samos  and  Kerkyra  islands.  Four  subspecies  (some  which 
may  warrant  specific  status)  are  recognized:  L.  c.  albus,  L.  c.  peloponnensis; 

L.  c.  vardarensis,  and  L.  c.  macedonicus. 

92a  (87b).  Anal  fm  with  9-12  branched  rays  (usually  10-11);  lateral  line  with 

37-44  scales;  pharyngeal  teeth  5,3-3,5  . 93 

92b.  Anal  fin  with  more  than  12  branched  rays;  lateral  line  with  more  than  45 
scales  (usually  greater  than  50);  pharyngeal  teeth  5,2-2, 5  or  5,3-3,5;  in  the 
latter  case,  the  inferior  scale  row  of  lateral  line  usually  with  more  than  55 
scales . . . 95 

93a  (92a).  Anal  fm  red;  body  laterally  compressed  with  high  profile  and  al¬ 
most  ellipsoidal;  body  depth  is  more  or  less  greater  than  the  length  of 
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head;  dorsal  fin  III  8-9;  anal  fin  III  9-10;  lateral  line  37-42.  TL  ~20  cm 
. Scardinius  erythrophthalamus 

Widely  distributed  European  species.  In  Greece,  it  occurs  only  in  large  river 
systems  from  the  Evros  River  to  Thessaly,  except  in  western  Macedonia. 

93b.  Anal  fm  achromatic  or  with  gray  border;  body  broad,  more  or  less  shal¬ 
low  and  long;  body  depth  is  equal  or  smaller  than  head  length . 94 

94a  (93b).  Head  length  greater  than  body  depth;  caudal  peduncle  large.  TL 

~45  cm . .  Scardinius  graecus 

Endemic  to  Greece;  occurs  only  in  Lake  Yliki  and  Paralimni  in  Beotia. 

94b.  Head  length  almost  equal  to  body  depth;  caudal  peduncle  small.  TL  ~25 

cm . Scardinius  acarnanicus 

Endemic  to  Greece;  occurs  only  in  the  Acheloos  drainage  and  its  associated 
lakes.  Recently  introduced  into  Lake  Pamvotis,  loannina. 

95a  (92b).  Eyes  small,  smaller  than  6-7  times  length  of  head;  perpendicular 
line  passing  through  origin  of  anal  fm  is  well  behind  the  posterior  margin 
of  dorsal  fm;  dorsal  and  anal  fm  margins  concave;  lower  jaw  with  tuber¬ 
ous  end  fitting  in  notch  of  upper  jaw;  dorsal  fm  III  8;  anal  fm  III  12-14; 
lateral  line  64-76.  TL  ~70  cm 

. Aspius  aspius 

Widely  distributed  species  of  eastern  Europe.  In  Greece,  it  occurs  only  in 
the  Evros  and  Strymon  rivers,  and  Lake  Volvi. 

95b.  Eyes  large,  smaller  than  3-4  times  head  length.  A  perpendicular  line  pass¬ 
ing  through  origin  of  anal  fm  is  equal  or  a  bit  behind  posterior  margin  of 
dorsal  fm . .  96 

96a  (95b).  Fully  scaled  abdominal  keel  present  from  base  of  pelvic  fins  to 
anal  fin  (Fig.  25b).  Symphysis  of  gill  arches  is  clearly  behind  anterior  mar¬ 
gin  (tangent)  of  the  eye;  dorsal  fm  III  7-9;  anal  fm  III  14-19;  lateral  line 
46-56.TL~15cm 

. Alburnus  alburnus 

Widely  distributed  European  species.  In  Greece,  it  is  present  in  the  Evros, 
Strymon,  Lake  Kerkini,  Lake  Volvi,  Lake  Koroneia,  and  Lake  Doriana, 
Axios,  Loudias,  lower  Aliakmon,  and  Pinios  of  Thessaly.  Three  subspecies, 
which  may  be  valid  species,  are  reported  from  Greece:  A.  a.  macedonicus, 

A.  a.  thessalicus,  and  A.  a.  sirumicae. 

96b.  Abdominal  keel  from  posterior  base  of  pelvic  fins  to  anal  fm  without 
scales,  except  for  a  small  segment  directly  in  front  of  anal  fm  (Fig.  25c). 

Basal  symphysis  of  gill  raker  arches  is  ventral  or  anterior  to  anterior  mar¬ 
gin  of  eye 
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97a  (96b).  Anal  fm  usually  with  15-16  branched  rays;  gill  rakers  20-31;  lat¬ 
eral  line  usually  with  60-68  scales;  dorsal  fin  III  8;  anal  fin  III  (14)  15-16 
(17);  lateral  line  (59)  60-68.  TL  ~22  cm . Chalcalburnus  chalcoides 

The  nominal  species  lives  in  the  Danube  River,  numerous  other  rivers  of 
the  Black  Sea,  and  also  in  lake  and  river  systems  of  northwestern  Asia 
Minor.  Some  isolated  populations  have  been  described  as  subspecies  but 
not  yet  validated.  In  Greece,  it  occurs  in  the  Filiouris  drainage,  and  lakes 
Ismarida,  Vistonis  and  Volvi.  The  population  in  Lake  Volvi  has  been 
described  as  C.  c.  macedonicus,  which  may  warrant  specific  status. 

97b.  Anal  fin  usually  with  13-15  branched  rays;  gill  rakers  30-38;  lateral  line 
usually  with  47-60  scales;  dorsal  fin  III  8;  anal  fin  III  (12)  13-15;  lateral 
line  47-60.  TL  ~18  cm.  .  . . .  Chalcalburnus  belvica 

Endemic  species  which  lives  only  in  Prespa  lakes. 
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FIGURE  2.  Key  characteristic  features  of  fishes. 
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FIGURE  3.  Branchial  membranes;  a.  joined  in  Huso  huso',  b.  not  joined  in  Acipenser  stellatus. 


b. 


FIGURE  4.  Caudal  fm;  a.  upper  lobe  larger  than  lower  lobe  in  Acipenser  species;  b.  symmetrical  caudal  fm. 


FIGURE  5.  Barbels:  a.  three  pairs  in  Silurus  glams',  b.  two  pairs  in  Silurus  aristotelis. 
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FIGURE  6.  Duck-like  snout  in  Esox  Indus . 


FIGURE  7.  Free  dorsal  spines:  a.  three  D  spines  in  Gasterosteus  aculeatus\  b.  five  D  spines  in  Pungitius 
platygaster. 


FIGURE  8.  Pelvic  fin  position  in  Solaria Jluviatilis. 
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FIGURE  9.  a.  Fused  pelvic  fins  forming  a  disc  in  Proterorhinus  marmoratus;  b.  pelvic  fin  disc  and  dermal 
perianal  organ  in  species  of  Economidththys. 


FIGURE  10.  Pipe-shaped  nostrils  in  Proterorhinus  marmoratus. 


FIGURE  1 1 .  Position  of  diagnostic  head  lateral  canal  pores  in  species  of  Knipowitschia:  a.  preopercular 
canal  pores;  b.  posterior  oculoscapular  canal  pores. 


198 


VIRGINIA  JOURNAL  OF  SCIENCE 


FIGURE  12.  Dorsal  fins:  a.  not  connected  (e.g.  Atherina  boyeri);  b.  weakly  connected  (e.g.  Perea Jluviatilis). 


FIGURE  13.  Scale  types:  a.  cycloid;  b.  ctenoid. 


FIGURE  14.  Serrated  abdominal  keel  in  Aiosa  fallax. 


FIGURES 
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FIGURE  15.  Position  of  teeth  in  upper  roof  of  mouth:  a.  vomerine;  b.  palatine. 


FIGURE  16.  Barbels:  a.  one  pair  (e.g.  Gobio  gobio);  b.  two  pairs  (e.g.  Barbus  cyclolepis)  c.  three  pairs  in 
Cobitidae  and  Balitoridae. 


FIGURE  17.  Subocular  bilobed  spine  in  Cobitis  vardarensis. 
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FIGURE  18.  Characterization  and  designation  of  zones  of  Gambetta  (i.e.,  particular  arrangement  of  the 
lateral  longitudinal  rows  of  spots  or  bands  on  the  body)  (Gambetta,  1934)  in  species  of  Cobitis:  a.  original 
Gambetta’s  zones  (I,  II,  III,  and  IV)(e.g.  Cobitis  vardarensis,  Cobitis  trichonica,  and  Cobitis  meridionalis); 
b.  2"^  and  4**^  zones  with  interrupted  bands  or  elongated  spots  (e.g.  Cobitis  stmmicae);  c.  each  of  2"^*  and  4^ 
zones  formed  as  continuous  bands  (e.g.  Cobitis  stephanidisi);  d.  3*^^  zone  wanting,  but  2"^^  and  4*  zones 
present  as  continuous  bands  (e.g.  Cobitis  arachthosensis)',  e.  2"^  zone  composed  of  round  dots;  4^  zone  with 
round  dots  superimposed  on  grayish  band;  in  some,  3'^^  zone  composed  of  two  rows  of  small  dots  (e.g.  Cobitis 
strumicae);  f.  like  preceding,  where  2"^*  zone  composed  of  round  dots;  4‘^  zone  with  round  dots  but  not 
superimposed  on  grayish  band;  and  5**’  zone  formed  by  small  markings  usually  triangular  in  shape  (e.g. 
Cobitis  hellenica  and  Cobitis punctilineata);  g.  no  Canestrini  scale;  h.  one  scale  of  Canestrini;  i.  two  scales 
of  Canestrini. 


FIGURE  19.  Denticles  on  4*  unbrmched  ray  of  dorsal  fm  in  Barbus  cyclocepis. 


KEY  TO  FRESHWATER  FISHES  OF  GREECE 


201 


a.  b. 

FIGURE  20.  Dorsal  fm  margin:  a.  concave  margin  in  Barbus  macedonicus;  b.  straight  margin  in  Barbus 
albanicus. 


FIGURE  21.  Dorsal  fin  base  length  three  times  greater  than  anal  fin  base  length  (e.g.  Carassius  carassius). 


FIGURE  22.  Mouth:  a.  fleshy  lips  with  lower  lip  lobes  (e.g.  Pachychilon pictum)',  b.  transverse  mouth  with 
homy  Kps  (e.g.  Chondrostoma  vardarensis)',  and  c.  mouth  with  normal  lips  {Leuciscus  cephalus). 
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FIGURE  23.  Incomplete  lateral  line  (e.g.  Rhodeus  amarus). 


a.  b.  c. 

FIGURE  24.  Diagram  of  pharyng^l  tooth  formulae:  a.  one  row  of  pharyngeal  teeth  (e.g.  Pseudophoxinus 
stymphalicus);  two  rows  of  pharyngeal  teeth  (e.g.  Leuciscus  cephalus);  three  rows  of  pharyngeal  teeth  (e.g. 
Barbus  peioponnesius). 


a. 


b. 


FIGURE  25.  Abdominal  keel:  a.  keel  absent  (e.g.  Phoxineilus  pleurobipundatus);  b.  scaled  keel  (e.g. 
Alburnus  alburnus);  c.  unsealed  keel  (e.g.  TropidophoMnellus  hellenicus). 
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FIGURE  26.  Origin  of  dorsal  fin:  a.  distinctly  anterior  to  a  vertical  line  passing  through  origin  of  pelvic  fins 
(e.g.  Ctenopharyngodon  idella;  b.  on  top  or  behind  vertical  line  passing  through  origin  of  pelvic  fins  (e.g. 
Leuciscus  cephalus). 


b. 


FIGURE  27.  Margin  of  anal  fin;  a.  straight  (e.g.  Leuciscus  svallize);  b.  convex  (e.g.  Leuciscus  cephalus). 
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JEFFRESS  RESEARCH  GRANT  AWARDS 

The  Allocations  Committee  of  the  Thomas  F.  and  Kate  Miller  Jeffress  Memorial 
Trust  has  announced  the  award  of  Jeffress  Research  Grants  to  the  institutions  listed 
below  to  support  the  research  of  the  investigator  whose  name  is  given.  The  Jeffress 
Trust,  established  in  1981  under  the  will  of  Robert  M.  Jeffress,  a  business  executive 
and  philanthropist  of  Richmond,  supports  research  in  chemical,  medical  and  other 
natural  sciences  through  grants  to  non-profit  research  and  educational  institutions  in 
the  Commonwealth  of  Virginia.  The  Jeffress  Research  Grants  being  announced  here 
have  been  awarded  in  2002. 

The  Jeffress  Memorial  Trust  is  administered  by  Bank  of  America.  Additional 
information  about  the  program  of  the  Trust  may  be  obtained  by  writing  to:  Richard  B. 
Brandt,  Ph.D.,  Advisor,  Thomas  F.  and  Kate  Miller  Jeffress  Memorial  Trust,  Bank  of 
America,  Private  Bank,  P.  O.  Box  26688,  Richmond,  VA  23261-6688.  An  unofficial 
website  is  listed  under  Grants  and  Awards,  vacadsci.org. 

William  P.  Anderson,  Radford  University.  Collection  of  Water  Level  Data  to  Test 
New  Methods  for  Estimating  Recharge  in  Water-Table  Aquifers.  $7,000.  (one  year 
renewal). 

Todd  D.  Averett,  The  College  of  William  and  Mary.  Neutron  Spin  Structure  Studies 
Using  High  Density  Polarized  ^He  Targets.  $10,000.  (one  year  renewal). 

Deborah  C.  Bebout,  The  College  of  William  and  Mary.  Investigation  of  Silica 
Supported  Copper  Complexes  as  Biometrics  of  Micronuclear  Monooxygenases. 
$10,000.  (one  year  renewal). 

Matthew  J.  Beckman,  Virginia  Commonwealth  University  Medical  College  of 
Virginia.  Arthritis  and  the  Importance  of  Ets-2  in  Urokinase-Plasminogen  Activator 
Expression.  $10,000.  (one  year  renewal). 

Wade  E.  Bell,  Virginia  Military  Institute.  The  Role  of  Calcium  in  Paramecium 
Chemoresponse:  Elucidation  of  Mechanisms  for  Calcium  Influx.  $10,000.  (one  year). 

John  W.  Bigbee,  Virginia  Commonwealth  University /Medical  College  of  Virginia. 
Studies  on  a  Cell-substratum  Adhesive  Role  for  Neuronal  Acetylcholinesterase. 
$10,000.  (one  year  renewal.) 

Robert  A.  Bloodgood,  University  of  Virginia.  Calcium  Regulation  of  Whole  Cell 
Locomotion.  $25,000.  (one  year) 

Timothy  Bom,  George  Mason  University.  Enzyme  Catalyzed  Inactivation  of  the 
Acylhomoserine  Lactone  Quomm  Sensing  Signal.  $10,000.  (one  year  renewal). 

Timothy  Bos,  Eastern  Virginia  Medical  School.  Regulation  of  Breast  Cancer  Gene 
Targets  by  the  AP-1  Transcription  Factor.  $10,000.  (one  year). 
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Gary  L.  Bowlin,  Virginia  Commonwealth  University.  Virginia  Commonwealth 
University.  Electrospinning  of  Elastin  Tissue  Engineering  Scaffolds.  $25,000.  (one 
year). 

Karen  J.  Brewer,  Virginia  Polytechnic  Institute  and  State  University.  Binding  Metal 
Centers  to  Photochemically  Active  Metal  Sites.  $10,000.  (one  year  renewal). 

Ann  E.  Campbell,  Eastern  Virginia  Medical  School.  Molecular  Interactions  Among 
Cytomegalovirus  US22  Gene  Products  that  Dictate  Cell  and  Tissue  Tropism.  $10,000. 
(one  year  renewal). 

Paul  R.  earlier,  Virginia  Polytechnic  Institute  and  State  University.  Enantioselec- 
tive  Alkylation  of  -chiral  Nitriles  Without  Using  External  Chiral  Elements.  $10,000. 
(one  year  renewal). 

Frank  J.  Castora,  Eastern  Virginia  Medical  School.  The  Molecular  Biology  of 
Human  Mitochondrial  DNA  Topoisomerase  I.  $10,000.  (one  year  renewal). 

Stephen  G.  Cessna,  Eastern  Mennonite  University.  Reactive  Oxygen  Production 
During  Salinity  Tolerance  Responses  in  Tobacco  Cells:  Relationship  to  Cytosolic  Ca^^ 
Fluxes.  $10,000.  (one  year  renewal). 

Randolph  M.  Chambers,  The  College  of  William  and  Mary.  Case  Study  of  the 
Historical  Watershed-Lake  Interactions  in  the  Virginia  Coastal  Plain.  $10,000.  (one 
year  renewal). 

Jennifer  A.  Clevinger,  James  Madison  University.  Phylogenetic  Analysis  of 

[Silphium]  and  [Berandiera]  (Asteraceae)  Using  DNA  Sequence  data.  $26,000. 
(one  year). 

T.  Daniel  Crawford,  Virginia  Polytechnic  Institute  and  State  University.  Accurate 
Quantum  Chemical  Methods  for  Large  Molecules.  $10,000.  (one  year  renewal). 

Keith  P.  Corodimas,  Lynchburg  College.  Adenosine  Regulators  of  Emotional  (fear) 
Learning:  Role  of  A1  Receptors  in  the  Amygdala,  Hippocampus  nad  Nucleus  Accum- 
bens.  $10,000.  (one  year  renewal). 

Gary  G.  Cote,  Radford  University.  Regulation  of  Plant  Crystal-Containing 
Idioblast  Cells  by  Herbivory.  $22,000.  (one  year) 

Claire  Cronmiller,  University  of  Virginia.  Genetic  Analysis  of  Follicle  Formation 
During  Drosophila  Oogenesis.  $20,000.  (one  year), 

Yuping  Deng,  Eastern  Virginia  Medical  School.  Quantitative  and  Functional 
Analysis  of  the  Loss  of  Varicella-Zoster  Virus  Specific  Memory  T-  Cells  in  Older 
Adults.  $10,000.  (one  year  renewal). 
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David  A.  DeWitt  and  John  Savory,  Liberty  University.  Aluminum  Induced  Mito- 
chondrial  Injury,  Oxidation  Stress,  and  Apoptosis  in  vitro.  $  1 0,000.  (one  year  renewal). 

Anca  D.  Dobrian,  Eastern  Virginia  Medical  School.  Vascular  Reactivity  and 
Oxidative  Balance  in  Large  and  Small  Arteries  in  a  Rat  Model  of  Obesity-Induced 
Hypertension.  $10,000.  (one  year  renewal). 

William  B.  Eggleston,  Virginia  Commonwealth  University.  Characterization  of 
Epiallellism  at  the  Maize  rl  Locus.  $10,000.  (one  year  renewal). 

Mark  H.  Forsyth,  The  College  of  William  and  Mary.  A  Comparative  Genomic 
Approach  to  Genetic  Diversity  Among  Virulant  and  Avirulent  Heliobacter  pylori. 
$10,000.  (one  year  renewal). 

Gregory  D.  Foster,  George  Mason  University.  The  Use  of  Molecular  Markers  to 
Delineate  Sources  of  Organic  Carbon  and  Hydrogeochemical  Processes  in  the  Potomac 
River  Watershed.  $10,000.  (one  year  renewal). 

Babette  Fuss,  Virginia  Commonwealth  University/Medical  College  of  Virginia. 
Novel  Mechanisms  in  CNS  Mylelination;  Role  of  PD-la/ATX.  $10,000.  (one  year 
renewal). 

Mark  L.  Gabriele,  James  Madison  University.  Understanding  Early  Circuit  Forma¬ 
tion  and  the  Spatial  Arrangement  of  Ascending  and  Descending  Projection  Patterns  in 
the  Developing  Auditory  System  Prior  to  the  Onset  of  Hearing.  $22,000.  (one  year). 

George  W.  Gilchrist,  The  College  of  William  and  Mary.  The  Genetic  Architecture 
of  Rapidly  Evolving  Traits  in  Invading  Populations  of  Drosophila  subobscura. 
$30,000.  (one  year). 

William  F.  Glass,  Eastern  Virginia  Medical  School.  Regulation  of  Mesangial  Cell 
Hypertrophy  by  c-src  and  Rho.  $10,000.  (one  year  renewal). 

Earl  W.  Godfrey,  Eastern  Virginia  Medical  School.  Identification  of  Candidate 

Proteins  for  Polysynaptic  Differentiation  of  the  Neuromuscular  Junction.  $20,400. 
(one  year). 

Robert  W.  Grange  and  Robert  J.  Talmadge,  Virginia  Polytechnic  Institute  and  State 
University.  Role  of  the  ATP-Dependent  Ubiquitin-Proteasome  Pathway  in  Cell  Cycle 
Regulation  of  Normal  and  Dystrophic  Muscle.  $10,000.  (one  year  renewal). 

Douglas  S.  Graber-Neufeld,  Eastern  Mennonite  University.  Renal  Transport  of 
Organic  Anions  in  Insects:  A  Role  for  Handling  Environmental  Toxins.  $10,000.  (one 
year  renewal). 
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William  M.  Grogan,  Virginia  Commonwealth  University/Medical  College  of 
Virginia.  Characterization  and  Quantification  of  Post-Translationally  Modified 
Cholesteryl  Esterases  in  Biological  Samples  by  Electrospray  lonization-Fourier  Trans- 
formion  Cyclotron  resonance  (ESI-FTICR)  Mass  Spectrometry.  $10,000.  (one  yearre- 
newal). 

Michelle  Hamm,  University  of  Richmond.  Synthesis,  Characterization  and  Bio¬ 
chemical  Studies  of  8-oxo-2’-deoxyguanosine  Analogues:  Insights  into  a  potent 
Promutagen  and  its  Interaction  with  Nucleic  Acids  and  Proteins.  $10,000.  (one  year 
renewal). 

James  B.  Herrick,  James  Madison  University.  Exogenous  Isolation  and  Charac¬ 
terization  of  Antibiotic  Resistance  Plasmids  from  an  Agriculturally-Impacted  Stream. 
$23,000.  (one  year). 

Robert  S.  D.  Higgins,  Virginia  Commonwealth  University/Medical  College  of 
Virginia.  Thrombin  Mediated  Inflammation  in  Cardiopulmonary  Bypass.  $25,000. 
(one  year). 

Joel  W.  Hockensmith,  University  of  Virginia  Medical  School.  Inhibitors  of  DNA- 
Dependent  ATP  Hydrolytic  Activity  and  Associated  Functions.  $26,000.  (one  year). 

Scott  Hyman,  Sweet  Briar  College.  A  Galactic  Center  Variable  and  Transient  Radio 
Source  Monitoring  Program.  $10,000.  (one  year  renewal). 

Kimberle  M.  Jacobs,  Virginia  Commonwealth  University/Medical  College  of 
Virginia.  Time  Course  of  Gene  Expression  Changes  in  Malformed  Epileptogenic 
Cortex.  $30,000.  (one  year). 

Kenneth  R.  Kambis,  The  College  of  William  and  Mary.  The  Effects  of  Caloric 
Restriction  on  Mood  States  at  Sea  Level  and  High  Altitude.  $10,000.  (one  year 
renewal). 

Julie  A.  Kerry,  Eastern  Virginia  Medical  School.  Mechanisms  of  Transcriptional 
Regulation  by  the  HCMV  pp71  protein.  $25,000.  (one  year). 

Sunyoung  Kim,  Virginia  Polytechnic  Institute  and  State  University.  Spectroscopic 
Investigation  of  DNA  Binding  to  Photolyase.  $10,000.  (one  year  renewal) 

Roni  J.  Kingsley,  University  of  Richmond.  An  Ultrastructural  Investigation  of 
Calcification  in  the  Ciliate  Colepi,  $23,027.  (one  year). 

Eugene  B.  Kolomeisky,  University  of  Virginia.  Theory  of  Low-Dimensional 
Bose-Einstein  Condensation.  $10,000.  (one  year  renewal). 
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Darius  Kuciauskas,  Virginia  Commonwealth  University.  Membrane  Phase  Tran¬ 
sitions  and  Transport  Studied  by  Transient  Grating  Spectroscopy.  $10,000.  (one  year 
renewal). 

Lisa  M.  Landino,  The  College  of  William  and  Mary.  Probing  the  Reactivity  of  the 
Sulfliydryl  Groups  of  Microtubule  Proteins.  $24,000.  (one  year). 

Susan  E.  Lanzendorf,  Eastern  Virginia  Medical  School.  The  Directed  Differentia¬ 
tion  of  Human  Embryonic  Stem  Cell  Lines  into  Dopamine  Producing  Neural  Cells. 

$25,000.  (one  year) 

Timothy  Larson,  Virginia  Polytechnic  Institute  and  State  University.  Trafficking 
of  Sulfur  in  Bacteria.  $25,000.  (one  year). 

Michael  C.  Leopold,  University  of  Richmond.  Biological  Enhanced  Metallic 
Nonoparticles:  The  Next  Dimension  of  Protein  Enhanced  Monolayer  Electrochemis¬ 
try.  $25,000.  (one  year). 

Scott  B.  Lewis,  James  Madison  University.  Search  for  the  Most  Appropriate 
Precurso  of  Difluorocarbene  to  Produce  Difluoroaromatic  Compounds.  $10,000.  (one 
year  renewal). 

Nilanga  Liyanage,  University  of  Virginia.  Construction  of  a  Proto-Type  Multi- 
Wire  Proportional  Chamber  for  Jefferson  Lab.  Engineering.  $25,000.  (one  year) 

Thurman  E.  Lockhart,  Virginia  Polytechnic  Institute  and  State  University.  Effects 
of  Age-Related  Changes  in  Hamstring  Activation  Rate  and  Heel  Contact  Velocity  on 
the  Biomechanics  of  Slips  and  Falls.  $10,000.  (one  year  renewal). 

Rowan  Lockwood,  The  College  of  William  and  Mary.  Live-Dead  Assemblage 
Comparisons  in  the  Chesapeake  Bay:  Laying  the  Groundwork  for  Paleological  Analy¬ 
ses  of  Holocene  Benthic  Molluscs.  $29,500.  (one  year). 

Gunter  Liipke,  The  College  of  William  and  Mary.  Vibrational  Relaxation  of 

Hydrogen-Related  Defects  in  Silicon.  $10,000.  (one  year  renewal). 

Michael  Madigan,  Virginia  Polytechnic  Institute  and  State  University.  Effects  of 

Low  Back  Fatigue  on  Balance.  $22,000.  (one  year). 

Mary  C.  Mahony  and  Peter  Blackmore,  Eastern  Virginia  Medical  School,  Jones 
Institute  for  Reproductive  Medicine.  Involvement  of  the  MAP  Kinase  Signaling 
Cascade  in  Sperm  Hyperactivated  Motility.  $10,000.  (one  year  renewal). 

Sergio  Oehninger  and  Mahmood  Morshedi,  Eastern  Virginia  Medical  School 
Identification,  Characterization  of  Cellular  Pathways  and  Prevention  of  Apoptosis  in 
Spermatozoa  of  Infertile  Men.  $10,000.  (one  year  renewal). 
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Manish  S.  Patankar  and  Frank  A.  Lattanzio,  Eastern  Virginia  Medical  School. 
Structural  and  Functional  Analysis  of  the  Ovarian  Tumor  Marker  CA  125.  $10,000. 
(one  year  renewal). 

K.  Kevin  Pfister,  University  of  Virginia.  Mechanism  of  Adenovirus  Transport 

Along  Microtubles.  $10,000.  (one  year  renewal). 

Robert  D.  Pike,  The  College  of  William  and  Mary.  Bridging  Caged  Phosphite 
Ligands:  New  Metal-Organic  Network  Formers.  $17,450.  (one  year). 

John  S.  Poutsma,  The  College  of  William  and  Mary.  Computational  Studies  of  the 
Structure  and  Energetics  on  Non-Protein  Amino  Acids.  $10,000.  (one  year  renewal). 

Robyn  A.  Puffenbarger,  Bridgewater  College.  Cannabinoid  Receptor  Expression 
in  Macrophages.  $26,800.  (One  year). 

Jennifer  Radkiewicz,  Old  Dominion  University.  An  Investigation  of  2-Ami- 
noethoxydipphenylborate  and  Analogs  as  Store-Operated  Calcium  Entry  Channel 
Inhibitors.  $25,000.  (one  year). 

Anne  C.  Reilly,  The  College  of  William  and  Mary.  Investigation  of  Pulsed  Laser 
Deposition  of  Magnetic  Multilayer  Systems.  $10,000.  (one  year  renewal). 

Jason  P.  Rife,  Virginia  Commonwealth  University/Medical  College  of  Virginia. 
Nucleotide  Methylation  in  Ribosome  Maturation  Biochemistry.  $18,000.  (one  year). 

Margaret  Saha,  The  College  of  William  and  Mary.  Novel  Laser-Based  Strategies 
for  the  Insertion  of  DNA  into  Cells  of  Living  Organisms.  $24,000.  (one  year). 

David  G.  Simpson,  Virginia  Commonwealth  University/Medical  College  of  Vir¬ 
ginia.  Strain  and  Substrate  Specific  Regulation  of  MMP-9  Gelatinase.  $26,000.  (one 
year). 

Jennifer  E.  Slate,  Old  Dominion  University.  Recent  and  Historical  Environmental 

Change  in  Lake  Drummond  within  the  Great  Dismal  Swamp.  $10,000.  (one  year 
renewal). 

Caroline  Smith,  James  Madison  University.  The  Aeroacoustics  of  Turbulent 
Coanda  Jets.  $24,000.  (one  year). 

Wayne  M.  Stalick,  George  Mason  University.  A  Mild  Versatile  Synthesis  of 
Functionalized  -Carbolines  Derivatives.  $10,000.  (one  year  renewal). 

Michael  W.  Stacey,  Eastern  Virginia  Medical  School.  Increased  Killing  of  Cancer 
Cells:  Targeting  of  DNA  Repair  Genes,  in  Conjunction  with  Exposure  to  Ultra-Short 
High  Intensity,  Electric  Fields.  $25,000.  (one  year). 
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Christopher  M.  Stevenson  and  Derek  Wheeler,  Department  of  Historic  Resources 
Commonwealth  of  Virginia.  The  Hydration  Dating  of  Historic  Soda-Lime  Glass:  A 
New  Archeological  Dating  Method.  $30,000.  (one  year). 

David  W.  Sukow,  Washington  and  Lee  University.  High-Frequency  Oscilliations 
from  a  Semiconductor  Laser  with  Two  Delayed  Optical  Feedbacks.  $  10,000.  (one  year 
renewal). 

Uwe  Tauber,  Virginia  Polytechnic  Institute  and  State  University.  Scaling  and 
Universality  in  Non-Equilibrium  Systems.  $9,970.  (one  year  renewal). 

Robert  E.  Welsh,  The  College  of  William  and  Mary.  A  Multi-Modality  Gamma- 
Ray  Imaging  Device  for  Biological  Research  on  Small  Animals.  $10,000.  (one  year 
renewal). 

Edward  J.  Wojcik,  Virginia  Polytechnic  Institute  and  State  University.  The  Role 
ofUbiquitin-Mediated  Proteolysis  in  Centrosome  Duplication  in  Drosophila.  $10,000. 
(one  year  renewal). 

Fang-Sheng  Wu,  Virginia  Commonwealth  University.  Direct  Gene  Transfer  of  a 
Intact  Plant  Cells.  $10,000.  (one  year  renewal). 

Jongsoo  Yoon,  University  of  Virginia.  Transport  Measurements  on  Supercon¬ 
ducting  Tantalum  Thin  Films.  $30,000.  (one  year). 

Jeffrey  S.  Young,  University  of  Virginia  School  of  Medicine.  Role  of  Nuclear 
Factor  Kappa  B  in  Post  Trauma  Acute  Lung  Dysfunction.  $  1 0,000.  (one  year  renewal). 
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Academy  Fellow 
James  W.  Midyette,  Jr. 

1925-2001 

The  Academy  has  received  word  that  James  Webb  Midyette,  Jr.  died  January  17, 
200 1 .  Bom  in  Fredericksburg,  July  28, 1925,  he  served  in  the  U.S.  Army  during  World 
War  II  in  Europe  and  the  Pacific  and  graduated  from  Virginia  Tech  in  1949.  A  tmsted 
advisor  to  several  Virginia  Governors,  he  retired  in  1985  as  director  of  administration 
of  the  Virginia  Department  of  Agriculture  where  his  career  spanned  four  decades.  As 
chair  of  the  Constitution  and  Bylaws  Committee,  among  other  offices,  Jim  contributed 
significantly  to  the  Visiting  Scientists  Program  —  now  the  Virginia  Science  Resource 
Network  -  and  the  Academy’s  efforts  to  publish  research  on  the  Great  Dismal  Swamp. 
In  cooperation  with  the  National  Science  Foundation,  Jim  was  one  of  the  Academy’s 
leading  advocates  for  a  Virginia  science  advisor  in  the  executive  branch  in  the  1960s 
and  70s. 

The  Science  Museum  of  Virginia  owes  much  to  the  work  of  Jim  Midyette.  In  1964, 
Council  asked  Jim  to  join  Roscoe  Hughes  and  Foley  Smith  on  a  committee  to  advance 
work  on  the  founding  of  a  state  science  museum,  which  the  Academy  had  initiated  as 
early  as  1933.  Pursuant  to  General  Assembly  passage  of  House  Bill  No.  524  in  1968, 
Governor  Mills  Godwin  appointed  a  commission,  the  following  year,  consisting  of 
Roscoe  Hughes,  Zan  Stuart,  A.  Stewart,  Delegate  Glenn  Yeattes,  and  Senator  William 
Parkinson.  Hughes  asked  Academy  President  Paul  Siegel  to  appoint  a  standing  Science 
Museum  Committee  within  the  Academy  to  provide  expertise  to  the  Governor’s 
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Commission.  Jim  served  with  Ed  Harlow,  Susie  Floyd,  Senator  Lloyd  Bird,  Horton 
Hobbs,  Perry  Holt,  Michael  Kosztarab,  Gwynn  Ramsey,  Harry  Holloway  and  Ran¬ 
dolph  Gladding.  The  work  of  these  bodies  led  to  the  establishment  of  the  Science 
Museum  of  Virginia.  Jim  Midyette  authored  many  of  the  Academy’s  reports,  motions, 
and  resolutions  regarding  the  science  museum  including  one  by  which  the  Academy 
contributed  financial  support  to  the  authorized,  but  unfimded,  State  Study  Commission 
on  the  Virginia  Museum  of  Science. 

Jim  was  elected  a  Fellow  of  the  Academy  in  1980.  He  was  president  of  the 
American  Seed  Control  Officials,  commander  of  American  Legion  Post  206,  president 
of  the  Independence  Ruritan  Club,  and  served  as  secretary  of  the  Ashland  War 
Memorial  Association.  In  the  Kiwanis,  he  was  president  of  the  Ashland  Club  and 
lieutenant  governor  of  the  Capitol  District.  Jim  was  a  member  of  the  Central  Virginia 
Men’s  Garden  Club  and,  after  his  retirement,  volunteered  at  Lewis  Ginter  Botanical 
Garden  and  the  Ashland-Hanover  Visitors  Center.  He  served  on  the  board  of  trustees 
of  Duncan  Memorial  Methodist  Church  where  he  was  superintendent  of  the  Sunday 
school. Jim’s  surviving  family  include  his  wife  of  49  years,  Lucille  Pope  Midyette,  a 
daughter,  Anne  Reid  Midyette  of  Virginia  Beach;  sons,  James  Webb  Midyette  III  and 
wife,  Mary  Dinardo  Midyette,  of  Chesapeake,  John  Pope  Midyette  and  wife,  Donna 
Shields  Midyette,  of  Hanover:  four  grandchildren,  Jamie,  Lauren,  Jackson  and  Michael 
Midyette;  two  sisters,  Margaret  M.  Leinbach  of  Urbanna  and  Nancy  M.  Hypes  of 
Harrisonburg. 
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L.D. Abbott,  Jr. 

1914-2004 

L.D.Abbott,  Jr.,  ex-educator,  dies 
BY  ELLEN  ROBERTSON^ 

Medical  College  of  Virginia  biochemistry  department  Chairman  Lynn  DeForrest 
Abbott  Jr.  wasn’t  the  kind  of  teacher  who  wanted  his  students  to  ‘memorize  this  or 
memorize  that.” 

Wearing  a  short,  white  lab  coat  and  holding  a  piece  of  chalk,  “he  would  start  his 
lecture  on  the  hour  and  conclude  at  1 0  to  the  hour,  and  when  he  finished,  he  would 
have  told  a  story  in  biochemistry,” 

said  former  colleague  Dr.  Richard  Brandt  of  Richmond.  “He  won  teaching  awards 
regularly.” 

Dr.  Abbott,  described  his  wife  as  a  “rather  shy  man  who  had  a  marvelous  sense  of 
humor  and  a  great  memory,”  died  Tuesday  in  a  local  nursing  home.  He  was  90. 


1  Copyright  Richmond  Times  Dispatch,  used  with  permission.  Ellen  Robertson  is  staff  writer  for  the 
Richmond  Times  Dispatch,  Richmond,  Virginia  Her  article  was  publishes  in  the  March  25, 2004 
issud  of  the  Richmond  Times  Dispach. 
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“It  can  be  conservatively  estimated  that  approximately  10,000  of  Virginia’s  and 
the  nation’s  physicians  and  surgeons,  dentists,  pharmacists  and  graduate  and  doctorate 
research  scientists  are  indebted  to  Dr.  Abbott  for  his  influence  on  their  professional 
careers,”  said  Dr.  Edwin  S.  Higgins,  acting  department  chairman  after  Dr.  Abbott 
retired. 

An  Ithaca,  N.Y.,  native,  he  earned  bachelor’s  and  master’s  degrees  at  Wayne  State 
University.  Dr.  Abbott  earned  a  doctorate  at  the  University  of  Michigan  in  1940  and 
came  to  MCV,  which  was  recently  renamed  VCU  Medical  Center. 

He  left  teaching  in  1943  to  serve  as  a  Navy  navigator  in  the  Aleutian  Islands  during 
World  War  11. 

In  1946,  he  returned  to  MCV  as  an  assistant  professor  of  biochemistry  and  later 
became  a  full  professor.  He  served  as  department  chairman  from  1962  until  he  retired 
in  1976. 

The  biochemistry  department  grew  from  four  faculty  members  to  about  a  dozen 
under  his  leadership,  former  colleague  Dr.  William  L.  Banks  Jr.  said. 

Dr.  Abbott  did  important  research  on  the  relationship  of  vitamin  B-12  and  metabo¬ 
lism  of  blood  molecules  to  pernicious  anemia,  sickle  cell  anemia,  genetic  blood 
diseases  that  present  as  metabolic  problems  and  tracing  the  metabolism  of  purines,  the 
“building  blocks”  of  life,  Higgins  and  Banks  said. 

His  was  the  earliest  use  of  stable  nonradioactive  isotopes  as  markers  to  study 
metabolism,  and  he  was  renowned  for  his  studies  using  azo  dyes  to  cause  cancer  in 
animals  so  scientists  could  study  how  cancer  comes  about,  Higgins  said. 

From  1968  to  1973  he  edited  the  Virginia  Journal  of  Science. 

Survivors  include  his  wife  of  more  than  63  years,  Hester  Easton  Abbott;  three  sons, 
Lynn  D.  Abbott  ifi  of  New  Orleans,  and  Dr.  James  E.  Abbott  and  William  L.  Abbott, 
both  of  Richmond;  a  sister,  Gladys  Eichhom  of  Homosassa,  Fin.;  and  eight  grandchil¬ 
dren  and  one  greatgranddaughter. 

A  graveside  service  will  be  held  Friday  at  1 1  a.m.  in  Westhampton  Memorial  Park, 
10000  Patterson  Ave. 
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Instructions  to  Authors 


All  manuscripts  and  correspondence  should  be  addressed  to  the  Editor.  The 
Vhginia  Journal  of  Science  welcomes  for  consideration  original  articles  and  short 
notes  in  the  various  disciplines  of  engineering  and  science.  Cross-disciplinary 
papers  dealing  with  advancements  in  science  and  technology  and  the  impact  of 
these  on  man  and  society  are  particularly  welcome.  Submission  of  an  article  implies 
that  the  article  has  not  been  published  elsewhere  while  under  consideration  by  the 
Journal 

Three  complete  copies  of  each  manuscript  an  figures  are  required.  It  is  also 
required  that  authors  include  a  diskette  in  IBM  compatible  format  containing  a  terf 
file  (ASCII  or  acceptable  word  processing  file)  of  the  manuscript.  Original  figures 
need  not  be  sent  at  this  time.  Authors  should  submit  names  of  three  potential 
reviewers.  All  manuscripts  must  be  double-spaced.  Do  uot  use  special  effects  such 
as  bold  or  large  print. 

The  title,  author’s  name,  affiliation,  and  address  should  be  placed  on  a  cover 
page.  An  abstract  (not  to  exceed  200  words)  summarizing  the  text,  particularly  the 
results  and  conclusions,  is  required.  The  text  should  follow  the  general  format  used 
by  professionaljournals  in  the  author’s  discipline.  Literature  cited  in  the  text  should 
follow  the  name-year  format:  (McCaffrey  and  Dueser,  1990)  or  (Williams  et  al., 
1990).  In  the  Literature  Cited  section  at  the  end  ofthe  article,  each  reference  should 
include  the  foil  name  of  the  author(s),  year,  title  of  article,  title  of  journal  (using 
standard  abbreviations),  volume  number  and  first  and  last  page  ofthe  article.  For 
a  book,  include  author(s),  year,  title,  pages  or  number  of  pages,  publisher  and  city 
of  publication.  Examples: 

McCaffrey,  Cheryl  A.  and  Raymond  D.  Dueser.  1990.  Plant  associations  ofthe 
Virginia  barrier  islands.  Va.  J.  Sci.  41:282-299. 

Spry,  A.  1969.  Metamorphic  Textures.  Pergamon  Press,  New  York.  350  pp. 

Each  figure  and  table  should  be  mentioned  specifically  in  the  text.  All  tables, 
figures  and  figure  legends  should  be  on  a  separate  pages  at  the  end  of  the  text. 

Multiple  author  papers  are  required  to  have  a  statement  in  the  acknowledg¬ 
ments  indicating  the  participation  and  contribution  of  each  author. 

After  revision  and  final  acceptance  of  an  article,  the  author  will  be  required  to 
fiirnish  two  error-free  copies  ofthe  manuscript:  1)  typed  copy,  single  spaced,  with 
tables  and  figure  captions  at  the  end  of  the  document,  and  one  set  of  original  figures, 
each  identified  on  the  back  by  figure  number  and  author’s  name;  2)  a  diskette  in  an 
IBM  compatible  format  containing  the  text  file,  tables  and  figure  legends. 
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ABSTRACTS  OF  PAPERS,  82nd  Annual  Meeting  of  the 
Virginia  Academy  of  Science, 

May  26-28,  2004, 

Virginia  Commonwealth  University, 
Richmond,  Virginia 


Aeronautical  and  Aerospace  Sciences 

SOME  EVENTS  FROM  THE  FIRST  1 00  YEARS  OF  MANNED  POWERED  FLIGHT.  M.Lerov 
Spearman.  Systems  Analysis  Branch,  NASA-Langley  Research  Center,  Hampton,  VA  2368 1 .  The 
means  of  human  transportation  took  on  a  new  dimension  in  1903  when  the  Wright  Brothers 
achieved  manned,  powered  flight.  The  advent  of  the  airplane  provided  an  increase  in  speed  and 
increased  utility  in  the  field  of  transportation.  The  airplane  became  a  vital  part  of  the  commercial 
air  transportation  system  and  was  also  developed  as  a  major  component  of  military  systems.  The 
airplane  was  progressively  modified  and  improved  during  the  first  half  of  the  20th  Century.  Near 
mid-century,  a  significant  design  change  came  about  with  the  introduction  of  jet  and  rocket 
propulsion.  Speed  that  was  limited  by  propeller  operation  could  now  be  increased.  New  designs 
appeared  for  higher  speed  flight  and  with  the  use  of  large  rocket  engines,  access  to  space  was 
attained. 


A  SURVEY  OF  AEROSPACE  VEHICLE  DESIGN  TYPES  -  THE  NEXT  1 00  YEARS.  M.Lerov 
Spearman.  Systems  Analysis  Branch,  NASA-Langley  Research  Center,  Hampton,  V A  2368 1 .  Near 
the  mid-20th  Century,  a  significant  design  change  for  aircraft  came  about  with  the  introduction  of 
jet  and  rocket  propulsion.  Speed  that  was  limited  by  propeller  operation  could  now  be  increased. 
New  designs  appeared  for  higher  speed  flight.  With  the  use  of  large  rocket  engines,  access  to  space 
was  attained  with  the  prospect  of  space  flight  clearly  in  mind.  Rresearch  was  undertaken  by  the 
NASA  to  develop  an  airframe  and  propulsion  system  suitable  for  spaceflight.  Concepts  have  been 
proposed  for  high-speed  flight  within  the  atmosphere  as  well  as  for  special  transatmospheric 
vehicles  that  could  reenter  the  atmosphere  from  space  to  perform  certain  missions. 


Agriculture,  Forestry  and  Aquaculture  Science 

CATFISH  SPAWNING  AND  FINGERLING  PRODUCTION  IN  VIRGINIA.  David  Crosby  and 
Scott  H.  Newton,  Cooperative  Extension,  PO  Box  908 1 ,  V SU,  Petersburg,  V A  23  806.  Catfish  raised 
in  earthen  ponds  in  Virginia  spawn  from  Mid- June  through  the  first  week  of  July.  Catfish  spawn 
when  pond  temperature  reaches  75°F.  This  occurs  in  ponds  during  the  month  of  May  in  the  Southern 
States  that  produce  catfish  while  in  Virginia  it  is  June.  The  obvious  outcome  is  that  catfish 
producing  states  have  a  larger  fmgerling  in  one  growing  season  when  fry  are  stocked  at  100,000 
fry/acre  then  Virginia.  The  question  was  asked  how  to  produce  fmgerlings  similar  in  size  that  are 
found  in  these  states  given  Virginia's  climatic  condition  and  growing  season.  Catfish  fingerling 
density  studies  were  initiated  to  solve  this  problem.  Ponds  were  stocked  with  fry  in  late  June  and 
early  July  of  2002.  Stocking  densities  were  20,000  fry/acre  and  40,000  fry/acre.  The  objective  of 
this  study  was  to  produce  a  fmgerling  by  the  following  year  (2003)  that  was  at  60  Ibs./lOOO  fish, 
which  is  the  typical  size  of  fmgerlings  found  in  these  catfish  producing  states.  The  catfish 
fmgerlings  were  harvested  in  2003  during  early  April.  Catfish  fry  stocked  at  20,000  fry/acre  resulted 
in  fmgerlings  ranging  from  62.4  lbs/1000  fish  to  97.3  lbs/1000  fish  (a  fmgerling  of  6  to  7  inches) 
and  the  40,000  fry/acre  was  34.6  Ibs./lOOO  fish  (a  fmgerling  about  5  inches).  The  objective  of  the 
study  for  size  of  fingerling  required  was  met  by  stocking  20,000  fry/acre. 
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WINTER  GREENHOUSE  PRODUCTION  OF  RAINBOW  TROUT.  Brian  L.  Nerrie,  Cooperative 
Extension,  Virginia  State  University,  Petersburg  VA  23831.  Niche  marketing  is  profitable  for 
greenhouse  aquaponic  farmers  supplying  high-value  plant  and  fish  products.  Aquaponic  tilapia 
culture  in  greenhouses  may  be  limited  to  summer  production  due  to  high  energy  costs  of  maintaining 
optimum  water  temperatures.  A  cold  season  alternative  is  to  substitute  rainbow  trout.  The 
objectives  of  this  study  were  to  evaluate  the  feasibility  of  winter  greenhouse  production  of  high- 
value  rainbow  trout  and  test  consumer  acceptance.  Rainbow  trout  were  stocked  at  a  rate  of  250  fish 
in  a  3000  gallon  greenhouse  fish  tank.  Water  was  recirculated  by  airlift  pump  through  an  adjacent 
1000  gallon  biofilter.  Trout  were  fed  daily  from  December  through  April  with  a  38%  protein  3  mm 
floating  pellet.  Feed  was  delivered  over  an  eight  hour  period  by  belt  feeders  to  limit  spikes  in  low- 
dissolved  oxygen.  Supplemental  oxygen  was  provided  by  agitation.  Water  was  added  to  replace 
loss  due  to  evaporation.  Dissolved  oxygen  did  not  drop  lower  than  5  ppm.  Monthly  tank  water 
temperatures  (°C)  averaged  1 1.4, 1 1.7, 12.6, 18.4,  and  2 1.9  for  December  through  April.  A  taste  test 
of  harvested  trout  (220  g)  indicated  no  difference  between  cage  and  tank  reared  fish.  Harvested 
trout  were  smoked  and  found  comparable  to  gourmet  smoked  trout  of  similar  size  marketed  at  $8.00 
per  fish. 


SALINITY  TOLERANCE  EXHIBITED  BY  RAINBOW  TROUT  USED  FOR  BAIT  IN 
RECREATIONAL  SPORT  FISHING.  Scott  H.  Newton,  Cooperative  Extension,  Virginia  State 
University,  Petersburg,  VA  23806.  A  series  of  trials  were  conducted  during  the  spring,  2003,  to 
evaluate  the  ability  of  small  (ranging  from  4  to  8  inches)  rainbow  trout  to  survive  transfer  from  fresh 
to  saline  waters.  Previously  conducted  research  has  shown  the  feasibility  of  holding  and  handling 
small  caged  trout  for  use  as  live  bait  for  recreational  fishing.  Trout  transferred  from  cages  (65  to 
70  F)  to  holding  tanks  (60  to  65  F)  survival  was  100%  after  48  hrs  and  75%  after  72  hrs  at  15  ppt 
salinity.  Under  similar  conditions,  trout  transferred  from  fresh  water  directly  to  20  ppt  salinity  all 
died  in  less  than  2  hours.  Fish  survival  when  transferred  from  fresh  water  to  1 5  ppt  salinity  for  24 
hr,  then  to  20  ppt  salinity,  was  less  than  20%  after  72  lirs.  Bait  trout  may  be  transferred  from  cages 
to  holding  tanks  with  fresh  water  at  temperatures  ranging  from  60  to  70  degrees  F.  Bait  trout  may 
be  transferred  from  fresh  water  tanks  to  transport  containers  with  1 5  ppt  salinity  and  used  for  fishing 
in  waters  with  salinity  up  to  20  ppt.  Bait  trout  transported  and  held  under  carefully  managed 
conditions  should  live  up  to  3  days;  thereby  serving  their  intended  purpose  as  live  fishing  bait. 


HISTOCHEMICAL  STUDIES  OF  THE  LEAF  GLANDULAR  TRICHOMES  FROM  VERNONIA 
GALAMENSIS  (CASS.)  LESS.  Francoise  Favi.  Shaunte  Tucker,  Rasheda  McClee  &  Mark  Kraemer, 
Agricultural  Research  Station,  Virginia  State  University,  Petersburg  VA  23806.  Leaves  of  Vernonia 
galamensis  ethiopica  are  being  investigated  for  discovery  of  novel  molecules  applicable  in 
agriculture  and  human  health.  Leaves  of  this  plant  have  a  bilobed  peltate  and  a  capitate  awl  shaped 
glandular  trichomes  on  the  lower  side  and  the  awl  shape  on  the  upper  side  of  the  leaf  Clarified  leaf 
tissues  (1  cm^)  were  stained  to  detect  terpenoids  (NADI  reagent),  essential  oils  (Nile  blue  &  Sudan 
red  7B),  lipid  (Sudan  black  B  and  Sudan  III)  and  polysaccharides  (Toluidine  blue  O  and  Ruthenium 
red).  Polyssacharides,  essential  oils  and  terpenoids  were  observed  within  both  glands.  Stronger 
staining  for  essential  oils  was  observed  in  the  peltate  than  in  the  capitate  trichomes  and  suggested 
that  the  former  contained  more  essential  oils  than  the  capitate  gland.  Cells  adjacent  to  the  capitate 
gland  also  reacted  to  polysaccharide  stains.  This  suggested  greater  production  of  sugar  and 
metabolic  activity  in  epidermal  cells  surrounding  the  trichomes  on  the  adaxial  leaf  surface. 


SUSTAINABLE  MANAGEMENT  OF  A  NATIVE  BEE  FOR  FRUIT  POLLINATION  IN 
VIRGfNIA.  Mark  E.  Kraemer  &  Francoise  Favi,  Agricultural  Research  Station,  Virginia  State 
University,  Petersburg,  VA  23806.  The  eastern  subspecies  of  the  blue  orchard  bee  (BOB),  Osmia 
lignaha  lignaria  (Say)  is  similar  to  the  western  subspecies  that  is  currently  used  in  western  orchards. 
These  “pollen  bees”  are  superior  to  honey  bees  as  pollinators  because  of  their  greater  focus  on  pollen 
collection,  method  of  transporting  pollen,  limited  foraging  range,  and  activity  in  cool,  cloudy 
weather.  Artificial  nest  boxes  were  used  to  monitor  a  local  BOB  population  near  the  Appomattox 
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River  in  southern  Chesterfield  County.  Male  bees  first  emerged  when  temperatures  remained  above 
9°C  for  48  hours.  Because  adult  bees  were  present  several  weeks  before  apple  trees  flower  it  is 
important  that  other  sources  of  nectar  and  pollen  are  present  early  in  the  year.  Over  30  nearby  plant 
species  flowered  during  and  prior  to  the  completion  of  the  earliest  nest  cells.  A  scanning  electron 
microscope  was  used  to  identity  300  pollen  grains  from  22  of  the  earliest  constructed  nest  cells  from 
5  locations.  Box  elder  {Acer  nigra)  and  eastern  red  bud  {Cercis  canadensis)  provided  58%  and  41% 
of  the  pollen  found  in  the  samples,  respectively.  All  cells  contained  some  box  elder  pollen,  four 
with  100%.  Nest  cell  construction  peaked  about  the  time  of  apple  blossom  and  continued  for 
several  weeks  after. 


VERNONIA  GALAMENSIS  LEAVES  INFESTED  WITH  WHITEFLIES:  HISTOCHEMICALS 
STUDIES  OF  THE  TRICHOMES.  Shaunte  Tucker,  Rashida  McClee.  Mark  Kraemer  &  Francoise 
Favi.  Agricultural  Research  Station  Virginia  State  University,  Petersburg  VA  23806.  Leaves  of 
Vernonia  galamensis  have  long  been  used  in  traditional  African  medicine  and  to  control  pests.  We 
have  identified  glandular  peltate  trichomes  on  the  abaxial  leaf  surface  as  a  source  of  pesticidal 
compounds,  including  toxicity  to  the  greenhouse  whitefly  (Trialeurodes  vaporarium).  However, 
this  whitefly  successfully  infests  and  kills  these  plants.  Previous  studies  showed  that  the  copius 
wax  produced  by  these  whiteflies  coated  the  glandular  trichomes  and  we  hypothesized  that  the  wax 
may  be  changing  the  physical  and  chemical  properties  of  the  peltate  glandular  trichome.  Infested 
and  non-infested  leaves  tissues  of  Vernonia  galamensis  subspecies  ethiopica  were  stained  with  dyes 
specific  to  terpenoids,  carbohydrate  and  lipid  compounds.  Trichomes  stained  for  terpenoids, 
essential  oils,  and  polysaccharides  on  non-infected  leaves  but  did  not  stain  infested  leaf  trichomes. 
The  first  whiteflies  to  colonize  the  plant  produced  wax  that  appeared  to  “mop  up”  up  the  toxic 
compounds  and  cover  the  trichomes,  thus  enabling  the  next  generation  of  whitefly  to  better  survive. 
This  is  the  first  reported  instance  of  insects  using  wax  as  a  defense  against  plant  toxins. 


RESPONSES  OF  GLUTATHIONE-S-TRANSFERASE  IN  TOBACCO  LEAF  EXPOSED  TO 
OZONE.  T.  Randolph  Saunders.  Jr.'-  John  L.  Hess',  &  Boris  Chevone^  'Dept,  of  Biochemistry, 
^Dept.  of  Plant  Path.,  Physiol.,  &  Weed  Sci.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA 
24061 .  Exposure  of  tissues  to  ozone  generates  reactive  oxygen  species,  ROS,  including  superoxide 
anion,  H2O2,  and  organic  hydroperoxides.  Among  the  antioxidant  enzymes  that  regulate 
concentrations  of  the  ROS,  glutathione-S-transferase  (GST)  catalyzes  the  conjugation  of  organic 
hydroperoxides  to  glutathione  and  eliminates  their  potential  unregulated  reactivity,  particularly  with 
components  of  cell  membranes.  GST  from  tobacco  leaf  tissue  was  purified  300-fold  to 
homogeneity  and  used  as  a  source  of  antibody  production  in  rabbit.  Sequence  analysis  certified  the 
purified  protein  was  similar  to  the  putative  GST  (Acc.  No  Q03666).  Constitutive  GST  activity  was 
routinely  greater  in  leaf  tissues  of  tobacco  cultivars,  Bel  B  (Oj-tolerant)  than  in  Bel  W3  (O3- 
sensitive).  Following  exposure  to  250  ppb  03for  4  h,  GST  protein  increased  53%  only  in  cv  Bel  B. 
RT-PCR  of  total  RNA  isolated  from  leaf  tissue  revealed  that  the  transcript  for  GST  107,  increased 
following  exposure  to  O3  in  Bel  B,  but  decreased  in  Bel  W3.  Level  of  transcript  for  GST  1 10,  that 
encodes  a  second  form  of  GST  in  tobacco,  increased  in  both  cultivars.  Responses  of  GST  activity, 
level  of  GST  protein,  and  GST  transcripts  indicate  a  responsiveness  of  GST  and  a  role  of  GST  in 
the  tolerance  of  cv  Bel  B  to  O3  exposure. 


COMPARISON  OF  THREE  SEQUENTIAL  COBIA  Rachycentron  canadum  FRY  PRODUCTION 
RUNS  IN  A  RECIRCULATING  AQUACULTURE  SYSTEM.  Michael  H.  Schwarz.  David  Mowry, 
Ewen  McLean,  and  Steven  R.  Craig.  VSAREC,102  South  King  St.  Hampton,  VA  23666.  Three 
cobia  {Rachycentron  canadum)  larval  production  runs  in  Recirculating  Aquaculture  Systems  (RAS) 
are  compared  and  contrasted.  In  all  runs,  fish  were  enumerated  and  stocked  as  2  day  post  hatch 
(dph)  yolk-sac  fry  into  580L  greenwater  larval  production  tanks.  Fry  were  obtained  from  the 
Fisheries  and  Mariculture  Laboratory  of  the  University  of  Texas  at  Austin  Marine  Science  Institute 
Port  Aransas,  and  the  Aquaculture  Center  of  the  Florida  Keys,  INC.  In  the  first  run,  9,000  sac  fry 
were  stocked  in  the  system  resulting  in  a  density  of  1 5  larvae/L.  From  this  run,  547  fingerlings 
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weaned  onto  dry  feed  were  produced,  resulting  in  an  overall  survival  of  6.1%.  In  the  second  run, 
8,000  sac  fry  were  stocked,  yielding  a  stocking  density  of  13.7  larvae/L.  From  this  run,  585 
fmgerlings  weaned  onto  dry  feed  were  produced,  resulting  in  an  overall  survival  of  7.3%.  In  the 
third  run,  39,000  sac  fry  were  stocked,  yielding  a  stocking  density  of  67.3  larvae/L.  From  this  run, 
529  fmgerlings  weaned  onto  dry  feed  were  produced,  resulting  in  an  overall  survival  of  1.4%. 
Following  are  observations  and  discussion  into  protocol  alterations  for  runs  next  year. 


BIOCHEMICAL  STUDIES  ON  A  PUTATIVE  B-GLUCOSIDASE  CODED  BY  THE  GENE 
T3G60130  IN  ARABIDOPSIS  THALIANA.  Darchelle  Braxton',  Dennis  Harding',  Ali  Mohamed'. 
A.  Esen^,  and  J.  Poulton^  'Dept,  of  Biology,  VSU,  Petersburg,  VA  23806,  ^Univ.  of  Iowa,  and  ^VPI 
and  SU,  Blacksburg,  VA  24061.  P-glucosidases  are  a  group  of  enzymes  found  in  Arabidopsis 
thaliana  that  hydrolyze  P-glycosidic  bonds  between  the  reducing  side  of  glucose  and  an  aryl  or  alkyl 
aglycone  or  oligosaccharide.  These  enzymes  are  important  in  many  biological  functions  in  higher 
plants  including  chemical  defense  against  herbivores  and  pathogens,  lignin  biosynthesis  and  plant 
growth,  development,  fruit  ripening,  flower  senescence,  mobilization  of  carbohydrate  reserves,  and 
galactolipid  turnover.  In  this  research,  -glucosidase  X-33-At3g60130  of  the  Arabidopsis  thaliana 
was  purified  and  characterized  using  various  natural  and  synthetic  substrates.  The  purified  enzyme 
showed  strong  specificity  toward  D  (+)  Cellobiose,  0-Nitrophenyl  P-D-glucopyranoside  and  P- 
Nitrophenyl  P-D-glucopyranoside  (P-PNPG).  This  gene  is  proposed  to  have  plant  senescence 
capabilities. 


EFFECT  OF  ISOFLAVONES  ON  LIPOGENESIS  AND  LIPOLYSIS  IN  OBESE  RATS.  Ali 
Mohamed',  Kimberly  Y.  Ferguson',  Ali  A.  Ali',  Sam  J.  Bhathena^,  &  Emaneul  Valesques^  'VSU, 
Petersburg,  VA,  23806,  ^BHNRC/ARS/USDA,  &  ^GWU  Medical  Center.  The  effect  of  dietary  soy 
protein  was  studied  in  lean  F344  rats  and  obese  SHR/N-cp  rats.  Twenty  obese  SHR/N-cp  rats  and 
twenty  lean  F344  rats  were  randomly  assigned  to  a  six  month  intervention  of  an  AIN  93  diet  with 
the  protein  source  being  either  20%  casein  or  20%  soy.  Liver  lipid  extracts  were  analyzed  for  total 
lipids;  total  cholesterol,  and  fatty  acid  concentrations.  Serum  was  analyzed  for  cholesterol,  and 
triglycerides.  There  was  no  significant  change  in  either  liver  total  lipids  or  total  cholesterol  in  lean 
animals  fed  soy  compared  to  those  fed  casein  diet.  In  contrast,  liver  total  lipids  and  total  cholesterol 
were  significantly  reduced  in  obese  animals  fed  the  soy  compared  to  those  fed  casein  diet.  Rats  fed 
soy  diet  showed  decreased  in  saturated  fatty  acids  and  increase  in  unsaturated  ones  in  lean  animals. 
The  opposite  was  observed  in  obese  animals  fed  the  same  diet.  There  was  no  significant  difference 
in  the  patterns  of  mono  or  polyunsaturated  fatty  acids  in  lean  or  obese  animals  on  soy  diet. 


EFFECT  OF  FLAX  ON  LIPID  AND  CHOLESTEROL  METABOLISM  IN  GENETICALLY 
OBESE,  HYPERCHOLESTEROLEMIC  ANIMALS.  Ali  Mohamed',  Don  A.  DuBose',  Ali  A.  Ali', 
Sam  J.  Bhathena^,  &  Emaneul  Valesques^  1  VSU,  2BHNRC/ARS/USDA,  &  3GWU  Medical  Center. 
The  effect  of  dietary  flaxseed  meal  on  metabolic  parameters  was  studied  in  two  animal  models,  lean 
Fisher  344  rats  with  normal  lipid  levels  and  obese  SHR/N-cp  rats  with  elevated  levels  of  cholesterol 
and  triglyceride.  The  rats  were  fed  AIN  93  diet  differing  only  in  the  source  of  protein.  The  rats  were 
fed  either  20%  casein  or  20%  flaxseed  meal  as  their  sole  source  of  protein.  Liver  tissue  was  analyzed 
for  total  lipids,  total  cholesterol,  and  fatty  acids.  Plasma  total  cholesterol  was  also  analyzed.  In  both 
strains  of  rats,  flaxseed  meal  significantly  decreased  liver  tissue  total  lipids  and  total  cholesterol. 
Flaxseed  meal  also  reduced  plasma  total  cholesterol  in  both  strains  of  rats.  Flaxseed  meal  caused 
a  slight  increase  in  saturated  fatty  acids  and  a  decrease  in  unsaturated  fatty  acids  in  both  strains  of 
rats.  Since  cholesterol  level  and  total  lipid  levels  are  independent  risk  factors  for  cardiovascular 
disorders,  our  data  suggests  that  flaxseed  meal  may  have  beneficial  effects. 


THE  COMBINATIVE  EFFECTS  OF  ISOFLAVONES  AND  CAFFEINE  ON  CHINESE 
HAMSTER  CELLS  -  POSSIBLE  APOPTOSIS.  Vernell  S.  Williamson  &  Ali  Mohamed,  Virginia 
State  University,  Department  of  Biology,  Petersburg,  Va.  23801.  Over  6.6  million  people  die  of 
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cancer  in  the  world  every  year,  and  1 .4  million  new  cases  in  the  United  States  alone  are  diagnosed 
(Pererra,  2000).  Incidences  of  cancers  such  as  malignant  melanoma  have  doubled  each  decade  for 
the  last  50  years  (Wang  et  ah,  2002).  The  study  of  apoptosis  may  provide  insight  into  the 
development  of  alternative  cancer  therapies.  This  project  explored  apoptosis  using  Chinese  Hamster 
cells  (CHO-Kl)  as  an  investigative  model.  It  was  proposed  that  isoflavones  would  have  a  greater 
effect  on  cell  number  and  viability  than  caffeine  alone  or  combination  treatments.  Two  diet  elements 
were  used  to  induce  apoptosis  in  healthy  cell  populations.  Cellular  responses  to  each  treatment  were 
measured  with  cell  counts,  viability  tests,  and  photographs.  Nine  separate  tests  on  fifty  four  separate 
cell  cultures  were  performed.  The  results  demonstrated  that  a  combined  treatment  of  caffeine  and 
isoflavones  had  the  largest  effect  on  cellular  viability.  Isoflavones  did  have  an  effect  on 
morphology,  which  was  reversed  with  the  addition  of  caffeine.  Caffeine  combined  with  isflavones 
allowed  mitosis  but  the  overall  health  of  the  cells  was  impacted. 


PERFORMANCE  CHARACTERISTICS  OF  NILE  TILAPIA  FOLLOWING  DIETARY 
INCLUSION  OF  MANNAN  OLIGOSACCHARIDES.  S.R.  Craig*.  M.  Schwarz^  &  E.  McLean*, 
'Virginia  Tech  Aquaculture  Center,  Blacksburg,  VA.,  ^Virginia  Seafood  Research  and  Extension 
Center,  Hampton,  VA.,  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg,  VA  24061, 
USA.  This  study  examined  the  impact  of  mannan  oligosaccharides  (MOS)  upon  the  performance 
of  Nile  tilapia.  Mannan  oligosaccharides  were  incorporated  into  experimental  diets  (0, 0.25, 0.5, 1 .0 
and  1.0%)  and  fed  to  fish  (n  =  36  group')  for  14  wk.  Dietary  MOS  had  no  significant  effects  (P  > 
0.05)  upon  growth,  feed  efficiency,  condition  factor,  visceral  or  hepatosomatic  indices. 
Intraperitoneal  fat,  and  muscle  ratios  were  similarly  unaffected  by  treatment.  In  contrast  to  hepatic 
lipid  levels  however,  feeding  with  MOS  had  significant  effects  (P  <  0.05)  upon  fillet  lipid  dynamics, 
an  impact  that  may  have  importance  to  product  quality  and  processing  issues.  The  three  highest 
inclusion  levels  of  MOS  increased  plasma  protein  levels  (P  <  0.05)  and  MOS  positively  influenced 
differential  cell  counts  and  respiratory  burst  activity  of  splenic  cells.  Differences  (P  <  0.02)  were 
also  recorded  in  phagocytosis  of  splenic  cells,  with  a  tendency  towards  declining  activity  with 
increasing  dietary  supplementation  with  MOS. 


RELATIONSHIP  BETWEEN  ALKALOIDS  IN  SEED  AND  WHITE  LUPIN  PLANT  TISSUE. 
Kristina  Staples.  Anwar  A.  Hamama,  &  Harbans  L.  Bhardwaj,  Agricultural  Research  Station, 
Virginia  State  University,  Petersburg,  VA  23806.  White  lupin  {Lupinus  albus  L.)  seeds  are 
classified  as  sweet  (low  alkaloid  content)  or  bitter  (high  alkaloid  content).  Seed  from  sweet  lupins 
are  suitable  for  food/feed  whereas  bitter  lupin  are  desirable  for  green  manure  since  alkaloids  are 
known  to  have  pesticidal  properties.  Our  objectives  were  to  characterize  variation  among  winter- 
hardy  lupin  lines  for  total  alkaloids  in  seed  and  plant  tissue.  We  used  Dragendorff  test  for  assigning 
an  alkaloid  score  varying  from  0  (sweet)  to  4  (bitter)  in  winter-hardy  lupin  lines.  Variation  existed 
among  97  lupin  lines  for  alkaloid  content  of  seed  (3  lines  with  score  of  0,  6  lines  with  score  of  1 , 19 
lines  with  score  of  2,  36  lines  with  a  score  of  3,  and  33  lines  with  a  score  of  4).  Variation  also 
existed  for  alkaloids  in  leaf  and  pod-shell  tissue  over  that  in  the  seed.  For  example,  lupin  lines  with 
seed  alkaloids  in  the  high  range  of  4,  had  alkaloid  content  varying  from  1  to  3  in  the  leaf  tissue. 
Similar  observations  were  also  made  in  lines  with  seed  score  of  0,  2,  and  3.  This  study  indicated 
that  it  may  be  possible  to  develop  lupin  lines  with  sweet  seed  and  bitter  foliage. 


CANTALOUPE  PRODUCTION  WITHOUT  USING  NITROGEN  FERTILIZERS.  Brian  Wooden. 
Jr.  &  Harbans  L.  Bhardwaj,  Agricultural  Research  Station,  Virginia  State  Univ.,  Petersburg,  VA 
23806.  Our  objective  was  to  determine  if  winter  legume  cover  crops  could  meet  N  needs  of 
cantaloupe.  Cantaloupe  were  grown,  following  three  winter  legume  cover  crops  (lupin,  hairy  vetch, 
and  Austrian  winter  pea),  a  control  treatment  fertilized  with  1 12  kg  N/ha,  and  an  unfertilized  control 
treatment,  in  replicated  experiments  during  2000, 200 1 ,  and  2002.  The  winter  legumes  were  planted 
during  the  fall  of  the  preceding  year  and  plowed  under  in  spring  of  each  year  before  transplanting 
of  cantaloupes.  The  highest  cantaloupe  fruit  yields,  averaged  over  three  years,  of  40.8  and  37.1 
Mg/ha  were  obtained  when  cantaloupe  were  planted  after  lupin  or  hairy  vetch,  respectively.  In 
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general,  performance  of  cantaloupe  following  lupin  and  hairy  vetch  was  similar.  These  results 
demonstrated  that  winter  legume  cover  crops,  especially  lupin  and  hairy  vetch,  can  be  excellent 
alternatives  to  the  use  of  inorganic  N  fertilizers  for  meeting  nitrogen  needs  of  cantaloupe. 


MINOR  BIOACTIVE  LIPIDS  IN  WHITE  LUPIN  SEED  OIL.  Anwar  A.  Hamama  &  Harbans  L. 
Bhardwaj,  Agricultural  Research  Station,  Virginia  State  University,  Petersburg,  VA  23806.  We 
evaluated  oils  form  seven  white  lupin  {Lupinus  albus  L.)  genotypes,  grown  in  Maine  and  Virginia, 
to  characterize  desmethylsterols,  dimethylsterols  and  phospholipids  in  seed  oil  to  assess  its 
nutritional  potential.  Lupin  seed  contained  from  5-8  %  oil.  The  unsaponifiable  lipid  fraction  ranged 
from  2-3%  and  contained  20-29%  desmethylsterols,  and  17-22%  dimethylsterols. 
Phosphatidylcholine  (33-46%),  phosphatidylethanolamine  (22-32  %),  and  phosphatidylserine  (11- 
1 8%)  were  the  major  phospholipid  classes  in  lupin  oil.  P-sitosterol  and  campesterol  were  the  major 
sterols  (52-60%  and  23-29%  of  total  desmethylsterols,  respectively)  in  lupin  oil.  In  decreasing  order 
of  abundance,  the  desmethyl  sterols  present  in  lupin  oil  were:  P-sitosterol>  campesterol> 
stigmasterol>  cholesterol>  A^Avenasterol  >  A’  Stigmastenol.  Growing  location  induced  significant 
changes  in  p-sitosterol  (52-59%).  The  seed  grown  in  Maine  had  significantly  higher  contents  of 
P-sitosterol,  campesterol,  and  lupeol  as  compared  to  those  grown  in  Virginia.  The  seed  grown  in 
Virginia  had  significantly  higher  content  of  stigmasterol  and  p-amyrin  as  compared  to  those  grown 
in  Maine.  Growing  environment  influenced  the  lupin  oil  traits  more  than  the  genotypes. 


CANOLA  OIL  VS.  OLIVE  OIL.  Jamila  Echols.  Anwar  A.  Hamama,  &  Harbans  L.  Bhardwaj. 
Agricultural  Research  Station,  Virginia  State  University,  Petersburg,  VA  23806.  The  consumer 
demand  and  consumption  of  canola  oil  in  the  United  States  are  increasing  due  to  its  lowest  content 
of  saturated  fatty  acids  (5  to  8%)  and  moderate  content  of  poly-unsaturated  fatty  acids.  Even  though 
research  conducted  in  the  mid-Atlantic  region  has  demonstrated  that  canola  can  be  easily  produced 
in  this  region  and  may  have  an  economic  advantage  over  winter  wheat,  canola  has  not  been  adopted 
by  the  farmers  due  to  lack  of  marketing  outlets.  The  objective  of  our  research  was  to  compare 
canola  and  olive  oil  in  order  to  demonstrate  canola  oil’s  healthy  traits.  Quality  of  canola  oil  from 
1 1  lines,  grown  at  two  locations  in  Virginia,  was  compared  to  the  published  values  for  olive  oil.  The 
contents  of  saturated  (SFA),  unsaturated,  mono-unsaturated,  and  poly-unsaturated  fatty  acids  in 
canola  oil  were:  6.9,  93.1, 65.5,  and  27.6  whereas  those  for  olive  oil  were  13.5,  86.5,  73.9,  and  10.0 
%,  respectively.  Canola  oil  contained  51%  more  SFA  and  ten  times  more  18:3  (omega-3)  fatty  acid, 
as  compared  to  olive  oil.  The  total  phytosterol  content  in  canola  oil  (800  mg/100  g  of  oil)  was 
approximately  four  times  that  of  olive  oil  (221  mg/lOOg  oil).  Based  on  these  observations,  canola 
oil  compared  well  with  olive  oil. 


COMPARISON  OF  SWEET  CORN  GROWN  WITH  COMPOSTED  POULTRY  MANURE  AND 
NITROGEN  FERTILIZER.  Michael  Combs.  Harbans  L.  Bhardwaj,  &  M.  Rangappa,  Agricultural 
Research  Station,  Virginia  State  University,  Petersburg,  VA  23806.  Excessive  levels  ofP  and  N  and 
concerns  about  water  pollution  limit  the  use  of  poultry  manure  (PM)  as  an  agricultural  fertilizer. 
Composting  of  PM  with  a  carbon  source  has  the  potential  to  reduce  P  and  N  to  manageable  levels. 
We  conducted  an  experiment  during  2003  with  seven  treatments:  control  with  un-composted  PM 
(Tl),  four  treatments  with  PM  (composted  with  wheat  straw  turned  weekly  (T2),  composted  with 
wheat  straw  turned  bi-weekly  (T3),  composted  with  clover  straw  turned  weekly  (T4),  and  composted 
with  clover  straw  turned  bi-weekly  (T5)),  recommended  rate  of  N  fertilizer  (T6),  and  a  control 
without  any  treatment  (T7).  The  ears/ha  from  Tl,  T2,  T3,  T4,  T5,  T6,  and  T7  were  23167,  35167, 
34333,  39500,  44000,  30000,  and  23667,  respectively.  The  highest  number  of  ears,  greatest  ear 
fresh  weight,  and  greatest  were  obtained  from  T5.  Results  indicated  that  composting  of  poultry 
manure  with  an  organic  amendment  such  wheat  or  clover  straw  helps  poultry  manure’s 
transformation  into  a  usable  fertilizer  material  for  supporting  crop  production. 
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CANOLA:  A  NEW  PROFITABLE  CROP  FOR  VIRGINIA  FARMERS.  Harbans  L.  Bhardwai. 
Agricultural  Research  Station,  Virginia  State  University,  Petersburg,  VA  23806.  Virginia’s 
agricultural  economy  is  suffering  from  lower  returns  from  winter  wheat,  thus,  necessitating 
identification/establishment  of  alternative  crops  to  enhance  farm  income.  Extensive  research  with 
canola  {Brassica  napus  L.),  over  the  last  ten  years,  has  indicated  that  it  may  be  adapted  to  Virginia. 
Canola  oil  is  healthy  for  human  nutrition  due  to  its  lowest  content  of  saturated  fatty  acids  (5  to  8%) 
and  moderate  content  of  poly-unsaturated  fatty  acids.  The  current  US  production  of  canola  meets 
approximately  10%  of  domestic  demand  for  canola  oil,  the  rest  is  imported  from  Canada.  Research 
conducted  in  Virginia  has  developed  a  production  system  and  has  resulted  in  development  of  an 
adapted  and  high  yielding  cultivar,  tentatively  named  VSX-1.  It  has  been  estimated  that  per  acre 
returns  from  canola  could  be  $330/acre  as  compared  to  approximately  $252/acre  for  winter  wheat 
indicating  that  canola  can  be  an  excellent  alternative  winter  crop  for  Virginia  farmers. 


Archaeology 

PREHISTORIC  NATIVE  AMERICANS  ON  THE  RICE  CENTER.  Anthony  Bradley,  Virginia 
Commonwealth  University,  School  of  World  Studies,  Richmond,  VA.  23219.  The  Rice  Center  is 
located  in  close  proximity  to  prehistoric  Native  American  settlements  as  reflected  in  the 
archaeological  record.  Situated  along  both  banks  of  the  James  River,  these  settlements  follow 
established  regional  patterns  from  8000  years  ago  to  Colonial  contact.  The  geography  of  the  Rice 
Center  would  have  been  conducive  to  Native  American  use  to  include  the  possibility  of  a  settlement. 
Excavation  revealed  evidence  of  a  prehistoric  Native  American  presence  with  indications  of  stone 
tool  production.  Additional  artifacts  recovered  in  the  area  infer  a  possible  connection  with  sites 
across  the  James  River  and  aid  in  establishing  a  time  line  for  Native  utilization  of  the  Rice  Center. 
Future  research  and  excavation  will  broaden  our  current  understanding  of  prehistoric  Native 
American  use  and  possible  occupation  of  the  site. 


1 7"’  CENTURY  ENGLISH  SETTLEMENT  AND  CONTACT  AT  THE  RICE  CENTER.  Jonathan 
Henriques,  Virginia  Commonwealth  University,  Richmond,  VA.  23219.  In  1619,  English  settlers 
moved  into  the  area  immediate  to  VCU’s  Rice  Center,  encountering  there  local  Native 
Americans.  Recent  archaeology  at  the  Rice  Center  has  revealed  intriguing  clues  about  this  early 
colonial  history  of  the  property.  This  paper  describes  what  the  site  has  revealed  and  may  yet  reveal 
about  European  and  Native  American  contact  on  the  Virginia  frontier  in  the  17th  century.  These 
very  different  cultures  experienced  significant  opposition  in  economic  practice,  social  organization, 
and  ideology,  the  details  of  which  are  visible  within  the  archaeological  record. 


GENERAL  GEORGE  MCCLELLAN  AND  THE  PENINSULA  CAMPAIGN.  Brian  Andriliunas, 
Virginia  Commonwealth  University,  Richmond,  VA  23219.  During  his  campaign  to  capture  the 
Confederate  capital  at  Richmond  in  the  summer  of  1 862,  Union  General  George  McClellan  and  his 
1 00,000  troops  occupied  land  now  owned  by  VCU  and  Berkeley  Plantation.  The  portion  owned  by 
VCU  contains  vast  lengths  of  Union  earthworks,  put  into  place  to  defend  the  troops  encamped 
within  and  to  provide  a  base  for  McClellan's  attack  on  Richmond.  McClellan's  campaign  failed,  and 
he  has  gone  down  in  history  as  a  failed  leader.  His  presence  at  the  Rice  Center  has  been  one  of  the 
most  crucial  in  the  property's  history.  This  paper  will  explore  the  varied  history  and  reputation  of 
McClellan  and  his  Peninsula  Campaign  and  consider  the  lasting  marks  his  occupation  of  the 
property  left  on  the  landscape. 


UNION  CAMP  LIFE  AT  THE  RICE  CENTER.  Jolene  Updike,  Virginia  Commonwealth 
University,  Richmond,  VA  23219.  Archaeological  investigations  at  the  Rice  Center  along  with  a 
number  of  documentary  sources  have  identified  this  site  as  part  of  an  1 862  Civil  War  encampment 
providing  residents  to  around  100,000  Union  soldiers  under  the  command  of  General  George 
McClellan.  While  the  body  of  the  camp  most  probably  lies  further  inland  and  down  river,  visible. 
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well  preserved  earthworks  signal  a  significant  presence.  With  further  investigation,  the  Rice  Center 
has  the  potential  to  produce  important  information  about  the  soldiers  stationed  at  this  location,  their 
cultural  and  economic  effects  on  the  surrounding  area,  and  the  role  of  the  James  River  in  the 
importance  of  Harrison’s  Landing. 


BIOLOGICAL  AND  CHEMICAL  CONTRIBUTIONS  TO  ARCHAEOLOGY  AT  THE  RICE 
CENTER.  Jessica  Garber,  Virginia  Commonwealth  University,  Richmond,  Va.  23219.  VCU's  Rice 
Center  for  the  Environmental  Sciences  has  already  seen  a  wide  variety  of  research  projects  in  the 
Life  Sciences.  Recent  archaeological  research  on  the  property  has  expanded  the  possibilities  for 
Life  Sciences  research  on  the  property.  This  paper  will  review  projects  already  underway 
incorporating  biological  and  chemical  research  into  the  archaeology  program  and  will  discuss 
research  presently  underway  focusing  specifically  on  the  chemical  analysis  of  soils  recovered  from 
archaeological  contexts.  This  analysis  will  provide  an  in-depth  look  at  past  land  use  patterns  and 
will  suggest  paths  for  future  excavation  at  the  site. 


1 7TH  AND  1 8TH  CENTURY  TURNED  LEAD  FROM  SHIRLEY  PLANTATION.  Kathryn  L. 
Swanson,  William  and  Mary  Center  for  Archaeological  Research,  Williamsburg  VA.  23187.  A 
recent  excavation  conducted  next  to  the  main  house  at  Shirley  Plantation  yielded  33  pieces  of  turned 
lead  from  casement  leaded  windows.  Twenty-one  of  these  leads  were  found  in  good  context  in  the 
builder’s  trench  with  artifacts  contemporary  to  the  main  house  and  appear  to  be  from  the  mansion. 
Five  of  the  leads  were  inscribed  with  initials  and  dates  ranging  from  1 672  to  1 756,  a  time  frame  that 
fits  with  the  regional  popularity  of  casement  leaded  windows.  Prior  to  this  excavation,  scholars 
believed  that  the  present  mansion  house  was  built  with  sash  windows  similar  to  the  ones  it  has  now. 
These  leads  as  well  as  others  found  in  previous  excavations,  however,  indicate  that  the  current  house 
originally  had  casement  leaded  windows.  In  addition,  the  common  presence  of  leads  suggests  that 
at  least  two  of  the  outbuildings  had  casement  windows  matching  those  of  the  house.  Furthermore, 
the  presence  of  turned  lead  fragments  found  with  construction  material  dating  to  the  late  1 8'*’  century 
suggests  that  these  windows  were  part  of  the  house  until  at  least  1774-1775,  when  the  main  house 
underwent  a  several  major  renovations. 


Astronomy,  Mathematics  and  Physics 

(concurrently  with  Materials  Science) 

INTERPOLATION  OF  MAGNETIC  FIELDS:  FINDING  THE  FIELD  FROM  MEASURED 
DATA.  Seth  S.  Henshaw  &  Steven  Whisnant,  Physics  Dept.,  MSC  7702,  James  Madison  Univ. 
Harrisonburg  VA  22807.  A  superconducting  electromagnet  is  being  installed  at  Brookhaven 
National  Lab  in  order  to  sustain  the  polarization  of  a  HD  target  being  used  by  the  LEGS 
collaboration  to  study  the  scattering  of  polarized  gamma  rays  from  polarized  nucleon  targets.  This 
magnet  will  also  be  used  to  track  the  paths  of  charged  particles,  which  implies  that  the  field  must 
be  known  at  every  point  in  space  not  just  at  the  target  location.  This  information  is  found  by 
interpolating  the  magnetic  field  from  an  experimentally  measured  field  map.  The  interpolation 
technique  will  be  described,  its  sensitivity  to  experimental  uncertainties  will  be  discussed,  and  its 
overall  effectiveness  of  the  chosen  interpolation  method  will  be  characterized.  This  work  is 
supported  in  part  by  the  National  Science  Foundation  Grant  number  PHY-0242159. 


SPECTROSCOPIC  STUDY  OF  A  HYPERNUCLEI  UP  TO  MEDIUM-HEAVY  MASS  REGION 
THROUGH  THE  (e,e’K"^)  REACTION.  Leon  D.  Cole.  Alicia  Uzzle,  Lulin  Yuan,  Liguang  Tang, 
Keith  Baker,  Dept,  of  Physics,  Hampton  Univ.,  Hampton  Virginia  23668.  The  experimental  goal 
is  to  investigate  A  hypemuclear  structure  with  precision  measurements  of  the  mass  spectra  from 
light  to  medium-heavy  mass  region  with  the  best  energy  resolution  ever  achieved.  The  first  (e,e’K^) 
hypemuclear  spectroscopy  experiment  was  successfully  carried  out  at  Jefferson  Lab  in  the  spring 
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of  2000  yielding  an  energy  resolution  of  900  MeV.  In  order  to  improve  this  resolution,  the  high 
resolution  kaon  spectrometer  (HKS)  was  designed.  HKS  features  include  an  increase  in  the 
hypemuclear  yield  by  50  times  and  the  energy  resolution  to  approximately  300  KeV.  Also,  such  an 
improvement  is  realized  by  a  new  experimental  configuration,  the  “tilt  method.”  This  will  allow  the 
use  of  higher  beam  currents  as  well  as  measure  the  hypemuclear  spectra  of  higher  Z  targets.  The 
general  aspects  of  the  high  precision  mass  spectroscopy  experiment  will  be  presented. 


(INVITED  PAPER)  “EVERYBODY  MAKES  ERRORS”:  A  19TH-CENTURY  MATHEMAT¬ 
ICAL  ATTEMPT  TO  PROVE  THE  EXISTENCE  OF  GOD.  Adrian  Rice,  Dept,  of  Mathematics, 
Randolph-Macon  College,  Ashland  VA  23005-5505.  Augustus  De  Morgan  (1806-1871)  is  best 
remembered  today  for  his  work  in  symbolic  logic  and  algebra,  which  resulted  in  the  creation  of  “De 
Morgan’s  Laws”,  now  commonly  used  in  set  theory.  Less  well  known  is  his  work  on  probability 
and,  more  specifically,  the  use  of  probabilistic  ideas  and  methods  in  his  logic.  De  Morgan  was  one 
of  the  first  mathematicians  to  understand  and  appreciate  the  work  of  the  French  applied 
mathematician  Pierre-Simon  Laplace,  who  wrote  ground-breaking  (but  incomprehensible)  treatises 
on  both  probability  and  celestial  mechanics.  Under  his  influence,  and  using  his  astronomical  data, 
De  Morgan  attempted  to  use  probabilistic  reasoning  to  answer  one  of  the  most  profound  and 
tantalizing  questions  of  all  time:  whether  or  not  a  divine  creator  exists  or  ever  existed.  This  paper 
gives  the  mathematical  and  historical  details  of  his  ill-fated  attempt  to  mathematically  prove,  or  at 
least  determine,  the  existence  of  a  deity. 


NUMERICAL  CALCULATION  OF  THE  DIVERGENCE  OF  A  MAGNETIC  FIELD.  Christopher 
J.  Carlson  &  C.  Steven  Whisnant,  Physics  Dept.,  MSC  7702,  James  Madison  Univ.,  Harrisonburg 
VA  22807.  The  LEGS  collaboration  at  Brookhaven  National  Laboratory  is  pursuing  an 
experimental  program  with  a  polarized  gamma  ray  beam  and  polarized  nucleon  targets.  A 
superconducting  magnet  will  be  installed  to  maintain  target  polarization  and  to  assist  with  particle 
tracking.  Analysis  of  the  experimental  data  requires  a  map  of  the  magnetic  field.  In  order  to  verify 
that  this  map  is  physically  meaningful  one  must  show  that  it  satisfies  Maxwell’s  equations.  The 
numerical  calculation  of  the  spatial  derivatives  at  each  point  in  this  map  and  the  sensitivity  to 
experimental  uncertainty  will  be  discussed.  This  work  is  supported  in  part  by  the  National  Science 
Foundation  grant  PHY-()242159. 


GENERALIZED  AND  APPROXIMATE  DERIVATIVES  FOR  NONSMOOTH  FUNCTIONS. 
Robert  L.  Tomlin,  NuSoft,  Mathemematics  Study  Group.  Nonsmooth  functions  are  those  that  fail 
to  be  differentiable  at  some  points  in  their  domain.  In  recent  years,  much  work  has  been  done  in  the 
development  of  Generalized  and  Approximate  derivatives  to  give  a  sense  of  differentiation  for 
nonsmooth  functions.  Nonsmooth  functions  arise  naturally  in  many  areas  including  optimization 

where,  to  find  extrema,  it  is  necessary  to  know  the  zeroes  of  the  derivative,  i.e.,  |/'  =  0|.  For 
nonsmooth  functions,  this  is  a  problem  as  the  extrerna  may  be  at  a  nonsmooth  comer  point  where 
the  function  is  not  differentiable.  In  this  exposition,  we  will  begin  by  examining  the  generalized 
derivative,  defined  for  nonsmooth  Lipschitz  Continuous  functions,  developed  by  F.H.  Clarke.  His 
is  a  set-valued  derivative.  For  optimization,  we  will  be  interested  in  knowing  if  the  set  contains  zero. 


i.e. 


Oe 


Next  we  will  examine  the  work  to  date  by  the  author  on  a  proposed  approximate 
derivative  referred  to  as  the^-slope  derivative,  for  nonsmoothj£|-Lipschitz  functions  (to  be  defined). 
We  will  compare  the^-derivative  to  Clarke’s  generalized  derivative.  We  will  restrict  ourselves  to 


functions  [/^:  R  -»  r|  or  /  :  R  ->  R*  (extended  Reals). 


THE  SCIENTIFIC  DIALOGUE  BETWEEN  LIGHT  AND  SOUND:  SIIR’S  PHOTO-ACOUSTIC 
THEORY.  Siir  Kilkis,  Georgetown  Univ.,  Washington  DC  20057.  A  long  time  quest  to  relate  light 
and  sound  is  solved  by  a  seamless  mathematical  correlation.  The  ratio  of  light  and  sound 
wavelengths  is  found  to  be  proportional  to  the  Photo-Acoustic  Number,  which  covers  the  entire 
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audible  and  visible  range.  This  correlation  is  used  to  create  the  Acousto-Chromatic  Diagram,  which 
shows  that  all  octaves  of  music  and  shades  of  spectral  colors  are  superposed.  For  the  first  time,  the 
audible  range  maps  over  the  visible  spectrum.  The  Visual  Orchestration  Technology  emerges  to 
show  the  benefits  of  the  Theory  and  address  human  needs.  This  Technology  colorizes  compositions 
at  each  time  increment  of  music  and  appeals  to  the  human  cognition  of  light  and  sound.  Art 
Composer  is  the  reverse  process  and  converts  the  colors  in  each  area  increment  of  an  image  to 
music.  It  is  now  possible  to  see  the  music  and  hear  the  colors  based  on  this  scientific  dialogue. 


AXISYMMETRIC  FIELDS  AND  ELLIPTIC  INTEGRALS.  Joseph  W.  Rudmin,  Dept,  of  Physics 
and  Astron.,  James  Madison  Univ.,  Harrisonburg  VA  22807.  Results  of  studies  of  calculations  of 
axisymmetric  fields  are  presented.  Motivations  for  the  work  include  improved  methods  of 
calculating  the  fields  of  solenoids  and  other  fields  caused  by  superposition  of  rings  of  current  and 
charge,  as  well  as  improved  understanding  of  elliptic  integrals  and  functions  with  logarithmic 
singularities.  It  is  shown  that  the  elliptic  integral  of  the  first  kind  can  be  expressed  as  a  power  series 
plus  a  power  series  multiplied  by  a  logarithm.  The  method  of  determining  these  series  will  be 
presented. 


A  LAB  VIEW  INTERFACE  FOR  A  RESIDUAL  GAS  ANALYZER.  Amelia  A.  Cohen  &  C.  Steven 
Whisnant,  Physics  Dept.,  MSC  7702,  James  Madison  Univ.,  Harrisonburg  VA  22807.  This  project 
is  part  of  a  collaboration  with  the  LEGS  (Laser  Electron  Gamma  Source)  group  at  Brookhaven 
Laboratory.  A  highly  polarized  HD  target  is  one  of  the  main  components  of  this  project  and  its 
creation  requires  high  purity  (>99.99%  pure)  gas.  Gas  with  this  degree  of  purity  can  only  be 
obtained  through  a  careful  distillation  process,  and  the  distillery  at  James  Madison  University  is 
monitored  with  a  residual  gas  analyzer  (RGA).  The  RGA  measures  the  presence  of  different  masses 
that  pass  tlirough  the  system,  where  HD  is  measured  as  mass  3,  H2  is  mass  2  and  D2  is  mass  4.  To 
create  a  Labview  interface  for  this,  the  masses  are  read  into  the  computer  in  the  form  of  currents  and 
must  be  presented  in  histogram  form.  The  user  can  select  the  length  and  mass  range  of  the 
histogram  scans  performed  to  learn  the  presence  of  different  masses.  This  work  is  supported  in  part 
by  the  National  Science  Foundation  grant  number  PHY-0242159. 


SEARCHING  FOR  A  NEEDLE  IN  A  HAYSTACK:  STRANGE  MESON  DETECTION  IN 
ELECTRON  SCATTERING  AT  6  GEV.  Erin  E.  McGrath,  James  Madison  Univ.,  Harrisonburg 
VA  22807.  My  work  involves  the  search  for  kaon  production  in  conjunction  with  the  Jefferson  Lab 
experiment  “Duality  in  Meson  Electroproduction”  (Spokespeople:  R.  Ent,  H.  Mkrtchyan,  G. 
Niculescu),  which  investigates  quark-hadron  duality  in  the  production  of  pions  and  kaons.  Many 
runs  of  this  experiment  used  a  hydrogen  target,  and  my  work  involved  identifying  these  runs  and 
then  replaying  them  while  changing  the  particle  mass  specifications  from  the  mass  of  the  pion, 
.13957  GeV/c^,  to  .4936  GeV/c^,  the  mass  of  the  charged  kaon.  It  can  then  be  determined  when 
kaons  were  produced  in  the  collision  of  the  electron  beam  with  the  proton  target  (this  occurrence 
is  relatively  rare,  hence  the  title),  and  this  information  can  be  used  to  further  the  study  of  quark- 
hadron  duality. 


MODELING  LOAD  DEPENDENT  HYSTERESIS  FOR  A  SIMPLE  NiTi  ACTUATOR.  William 
S.  Galinaitis,  Dept.  Math,  and  Comp.  Sci.,  Ferrum  College,  Ferrum  VA.  24088.  To  accurately 
position  an  object  with  an  actuator  that  exhibits  load  dependent  hysteresis  requires  a  hysteresis 
model  that  is  capable  of  adjusting  to  a  change  in  load.  In  this  paper  we  investigate  the  problem  of 
modeling  the  hysteresis  of  a  simple  shape  memory  alloy  wire  that  is  operated  under  changing  tensile 
loads.  A  Preisach  operator  that  incorporates  load  dependent  parameters  in  the  Preisach  density 
function  is  used  as  the  hysteresis  model.  It  is  shown  that  a  relationship  exists  between  the  Preisach 
density  function  and  the  thermal  coefficient  of  expansion  of  the  wire.  It  is  then  shown  that  the  load 
dependent  Austenite-Martensite  transition  temperatures  of  the  wire  can  be  used  to  estimate  the 
parameters  of  the  underlying  density  function.  To  test  this  approach,  a  bivariate  density  function  that 
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incorporates  two  load  dependent  parameters  is  substituted  for  the  Preisach  density  function.  Two 
load  dependent  linear  estimators  are  developed  from  experimental  data  and  used  to  estimate  the 
parameters  of  the  density  function.  These  estimators  and  the  load  dependent  Preisach  operator  are 
then  used  to  estimate  the  length  of  a  SMA  wire  that  is  operated  under  several  tensile  loads.  The 
estimates  are  compared  to  experimental  data  and  a  discussion  of  the  effectiveness  of  this  approach 
is  given.  (Supported  by:  NSF  RUI  0105190.) 

USING  FIBER  OPTICS  AND  LIGHT  EMITTING  DIODES  IN  THE  MULAN  DETECTOR 
CALIBRATION  SYSTEM.  Chris  J.  Church  &  Kevin  Giovanetti,  Dept,  of  Physics,  James  Madison 
Univ.,  Harrisonburg  VA  22807.  The  pLan  project  is  a  collaborative  effort  to  achieve  a  one  part  per 
million  (PPM)  measurement  of  the  muon  lifetime  and  will  be  performed  at  The  Paul  Scherrer 
Institut  in  Villigen,  Switzerland.  To  allow  simulations  of  muon  decay  as  well  as  testing  of  the  pLan 
Detector  a  detector  calibration  system  employing  light  emitting  diodes  and  fiber  optics  has  been 
developed.  The  LED’s  simulate  the  detection  of  e"^  from  the  positive  muon  decay  and  the  emitted 
light  is  delivered  to  the  individual  photomultiplier  tube  detectors  by  fiber  optics.  During  the 
development  of  the  system  several  issues  were  taken  into  consideration  including  limitations  of  the 
LED’s,  pulse  widths,  light  transmission,  fiber  polishing,  and  the  design  of  both  driver  boards  and 
the  signal  translator  boards  necessary  to  utilize  the  calibration  system.  The  system  is  now  primarily 
in  the  production  phase  in  preparation  for  its  installation  in  July  2004. 


FABRICATION  OF  THE  GAS  HANDLING  SYSTEM  FOR  USE  IN  A  GAS  ELECTRON 
MULTIPLIER  BASED  RADIAL  TIME  PROJECTION  CHAMBER.  James  R.  Ferrer,  Dept,  of 
Physics,  James  Madison  Univ.,  Harrisonburg  VA  22807.  As  part  of  the  BONUS  collaboration 
James  Madison  University  will  be  building  a  gas  handling  system  to  supply  the  detector  with  a 
mixture  of  DME  (dimethylether)  and  Argon.  This  system  is  in  the  pre-production  phases  and  will 
begin  fabrication  this  summer.  The  BONUS  detector  is  used  to  investigate  the  quark  structure  of 
neutrons.  It  is  also  the  first  cylindrical,  GEM  based,  particle  detector.  The  gas  handling  system  will 
directly  supply  the  GEM’s  in  the  bonus  detector. 


UPDATE  ON  THE  MUON  LIFETIME  MEASUREMENT.  Michael  E.  Clemens  &  Kevin 
Giovanetti,  Dept,  of  Physics,  James  Madison  Univ.,  Harrisonburg  VA  22807.  An  overview  and 
update  on  the  Mulan  Project:  A  Precision  Measurement  of  the  Positive  Muon  Lifetime  Using  a 
Pulsed  Muon  Beam  and  the  pLan  Detector  to  take  place  at  the  Paul  Scherrer  Institute  (PSI)  in 
Villigen,  Switzerland.  The  experiment  is  a  collaborative  effort  to  achieve  a  Ippm  determination  of 
This  will  allow  for  a  new  determination  of  Gp ,  the  Fermi  constant,  a  fundamental  number  in  the 
standard  model  on  which  all  electroweak  processes  are  dependant.  The  Detector  Development  Lab 
at  James  Madison  University  is  responsible  for  development  and  production  of  a  calibration  system 
for  the  Mulan  detector;  our  system  is  currently  in  production  mode.  A  mock  run  is  scheduled  at  PSI 
in  July  2004  and  a  data  run  is  scheduled  for  the  fall  of  2004.  Current  projections  foresee  all  system 
components  in  place  by  2005. 


Biology 

DEVELOPMENT  OF  A  RECOMBINANT  VACCINE  AGAINST  PNEUMONIC  PLAGUE  USING 
A  FUSION  PROTEIN  EXPRESSION  SYSTEM  TO  CLONE,  EXPRESS,  AND  PURIFY  A  VIRG- 
TYEA  FUSION  GENE  FROM  YESINIA  PESTIS.  Kristina  D.  Ryden,  Dept,  of  Integrated  Science 
and  Technology,  James  Madison  Univ.,  Harrisonburg,  VA  22801.  A  number  of  genes  coding  for 
outer  membrane  and  virulence  proteins  of  Yesinia  pestis  (pathogenic  agent  of  plague)  can  be  cloned 
into  bacterial  and/or  yeast  vectors  for  the  purpose  of  over  expression.  The  TyeA  and  VirG  gene 
products  play  important  roles  in  the  translocation  of  Yesinia  pestis  proteins  into  eukaryotic  cells,  and 
because  they  are  both  believed  to  be  located  on  the  outer  membrane,  each  of  these  proteins  is 
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accessible  for  immune  response  especially  in  virulent,  non-encapsulated  Y.  pestis  strains.  A  cloning 
strategy  was  developed  to  create  an  Intein-VirG-TyeA  fusion  gene  that  can  be  expressed  and 
purified.  The  purified  Intein-VirG-TyeA  tri-fusion  protein  has  been  delivered  to  U.  S.  Army 
Medical  Research  Institute  of  Infectious  Diseases  for  further  testing  on  animal  models.  Supported 
by  a  Virginia  Academy  of  Science  Undergraduate  Student  Research  Award. 


POST-CHEMOTHERAPEUTIC  ADMINISTRATION  OF  IL-12  RETARDS  TUMOR  GROWTH 
AND  ENHANCES  IMMUNE  CELL  FUNCTION:  COMBINATION  THERAPY  USING 
PACLITAXEL  AND  IL-12.  Jennifer  S.  Pressley'.  David  W.  Mullins^  &  Klaus  D.  Elgert^  'Dept, 
of  Biology,  Microbiology  and  Immunology  Section,  Virginia  Tech,  Blacksburg  VA  24061  and 
^Human  Immune  Therapy  Center,  Univ.  of  Virginia,  Charlottesville  VA  22908.  A  significant 
consideration  in  the  development  of  combined  chemo/immunotherapy  is  the  mode  of  action  of  the 
chemotherapeutic  used.  Paclitaxel  (TAXOL™),  a  potent  inhibitor  of  tumor  cell  division,  also 
suppresses  lymphocyte  proliferative  responses.  To  optimize  paclitaxel’s  antitumor  effects,  its 
negative  immunologic  implications  must  be  addressed.  We  hypothesized  that  the  lymphocyte 
stimulatory  cytokine  interleukin- 12  (IL-12)  could  reverse  paclitaxel-mediated  immune  cell 
suppression.  Post-chemotherapeutic  (but  not  simultaneous)  IL-12  significantly  delayed  tumor 
outgrowth  and  extended  survival.  Paclitaxel  +  delayed  IL-12  administration  induced  nitric  oxide 
and  tumor  necrosis  factor-a  secretion  in  TBH  macrophages,  and  restored  tumor-burdened  host  CD4^ 
T  cell  function.  Collectively,  these  data  suggest  paclitaxel  can  be  combined  with 
immunotherapeutic  cytokines  to  achieve  enhanced  antitumor  activity,  and  we  propose  this  combined 
therapeutic  approach  should  be  considered  in  a  clinical  context. 


THE  USE  OF  E.  COLI  EXPRESSED  PROTEINS  OF  YERSINA  PESTIS  FOR  THE 
DEVELOPMENT  OF  VACCINES  AGAINST  PNEUMONIC  PLAGUE.  Ronald  W.  Raab.  Robert 
McKown,  &  George  Coffman,  ISAT  Dept.,  James  Madison  University,  Harrisonburg  VA  22807. 
Yersinia  pestis,  the  causative  agent  for  bubonic  and  pneumonic  plague,  is  a  leading  candidate  for 
use  in  biological  warfare.  A  collaboration  between  JMU  and  the  U.S.  Army  Medical  Research 
Institute  of  Infectious  Diseases  (USAMRIID)  has  been  established  to  utilize  recombinant  DNA 
technology  to  produce  a  more  efficacious  vaccine.  Recombinant  DNA  technology  has  enabled  a 
new  approach  to  vaccine  development  and  production  that  has  been  shown  to  be  effective  against 
a  number  of  pathogenic  organisms.  Our  research  is  focused  on  the  development  of  complex 
vaccines  made  of  many  protein  components  that  may  prove  to  be  more  difficult  to  counter.  We  have 
cloned  a  collection  of  genes  from  Y.  pestis  that  code  for  secreted  and  outer  membrane  proteins. 
These  proteins  have  been  expressed  in  E.  coli  and  purified  by  affinity  chromatography.  The  purified 
proteins  will  be  tested  at  USAMRIID  by  injection  into  animal  model  systems  to  induce  protective 
immunity  followed  by  a  lethal  challenge  of  aerosolized  Y.  pestis 


THE  EFFECTS  OF  PACLITAXEL  AND  CATECHINS  ON  RKO  CELLS.  Adam  J.  Clarkson  & 
Rosemary  Barra.  Dept,  of  Biol.  Sci.,  Mary  Washington  College,  Fredericksburg,  VA  22401. 
Dietary  polyphenols  are  a  major  mechanism  for  limiting  the  proliferation  of  neoplastic  cells. 
Among  the  polyphenols,  the  catechins  have  demonstrated  the  greatest  anticancer  potential.  Their 
cytotoxic  effect  against  human  cancer  cells  suggests  they  function  as  telomerase  inhibitors.  The 
purpose  of  this  study  was  to  substantiate  the  toxic  potential  of  catechins  (-)-epigallocatechin  gallate 
(EGCG)  and  (-)-epicatechin  gallate  (ECG)  on  telomerase-positive  RKO  colon  carcinoma  cells  and 
to  determine  whether  any  cytotoxic  effects  were  apoptotic  or  necrotic  in  nature.  Catechin  treatments 
were  compared  with  treatments  of  Paclitaxel,  an  anticancer  drug  known  to  induce  apoptosis.  The 
MTT  cytotoxicity  assay  indicated  that  24  hour  incubations  with  1 00  mM  Paclitaxel,  200mM  EGCG 
and  200  mM  ECG  were  cytotoxic  to  RKO  cells.  Evidence  of  apoptosis  was  demonstrated  by  a 
subsequent  Comet  assay,  which  qualitatively  showed  DNA  damage.  A  colorimetric  assay 
demonstrated  augmented  levels  of  caspase-9  after  Paclitaxel  (45%  increase  over  control)  and  EGCG 
(67%)  treatments,  suggesting  the  activation  of  apoptotic  pathways.  The  experiment  also 
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demonstrated  that  simultaneous  application  of  Paclitaxel  and  EGCG  (289%)  increased  cytotoxicity 
in  neoplastic  cells. 


FIBROSARCOMA-INDUCED  DYSREGULATION  OF  INTERLEUKIN  (IL)-lp  AND  IE- 18 
ACTIVITIES  AND  THEIR  MODULATION  BY  PACLITAXEL.  Elizabeth  P.  FalwelP.  David  W. 
Mullins^,  &  Klaus  D.  Elgert',  'Dept,  of  Biol.,  Virginia  Tech,  Blacksburg,  VA  24061,  and  ^Human 
Immunotherapy  Center,  Univ.  of  Virginia,  Charlottesville,  VA  22908.  In  the  present  study,  we 
hypothesize  that  tumors  alter  M(j)  production  of  the  proinflammatory  cytokines  IL-lp  and  IL-18, 
both  in  the  tumor  microenvironment  and  systemically.  To  evaluate  this  hypothesis,  M(j)S  from 
tumor-proximal  (tp)  and  tumor-distal  (td)  locations  were  analyzed  for  IL-1  p  and  IL-18  production. 
While  td  M(|)s  produced  elevated  levels  of  IL-1  p,  tp  Mcj)  levels  of  IL-1  p  were  suppressed.  Both  td 
and  tp  M(t)s  produced  elevated  levels  of  IL-1 8.  Tumor-derived  TGF-P,  and  IL-10  dysregulated  IL- 
ip,  as  antibody  blockade  of  these  molecules  restored  IL-ip  expression.  Furthermore,  supporting 
earlier  studies  showing  that  paclitaxel  up-regulates  Mcj)  production  of  tumoricidal  and  signaling 
molecules,  paclitaxel  enhanced  tumor-bearing  host  (TBH)  Mcj)  IL-1  p  production.  IL-18  production 
was  enhanced  in  td  M(j)s  when  stimulated  with  paclitaxel.  The  IL-lp  and  IL-18  expression  pattern 
suggest  differential  regulation  of  TBH  M(j)  NF-kB  translocation.  Collectively,  these  data  offer 
insight  into  new  chemotherapeutic  and  immunotherapeutic  therapies  designed  to  correct  cytokine 
imbalances  and  restore  patient  anticancer  function. 


INTRACELLULAR  TRANSPORT  DEFECTS  MAY  UNDERLIE  THE  SYNAPTIC  PATHOLOGY 
OF  ALZHEIMER’S  DISEASE.  David  A.  DeWitt'-^  Jennifer  Hurd’,  Othman  Ghribi,^  Nena  Fox,^ 
Kathleen  J.S.  Griffioen,'  &  John  Savory^  'Dept,  of  Biol.,  Liberty  Univ.,  Lynchburg,  VA  24502, 
^Dept.  of  Pathol,  and  ^Dept.  of  Microbiol.,  Univ.  of  Virginia,  Charlottesville,  VA  22908. 
Alzheimer’s  disease  (AD)  is  characterized  by  senile  plaques,  neurofibrillary  tangles,  and  severe 
synaptic  and  neuronal  loss.  We  have  shown  that  aluminum  maltolate  treatment  triggers  pathological 
changes  similar  to  AD  when  administered  to  aged  rabbits  and  aluminum  treatment  in  vitro  causes 
human  NT2  cells  to  undergo  apoptosis.  An  early  event  is  the  peri-nuclear  clustering  of  mitochondria 
and  endoplasmic  reticulum  suggesting  intracellular  transport  defects.  Staurosporine  but  not  H2O2 
also  induced  organelle  clustering.  Nocodazole  treatment  redistributed  clustered  mitochondria 
suggesting  that  intact  microtubules  were  required  for  clustering.  Neuronal  processes  of 
differentiated  NT2  cells  appeared  either  depleted  of  mitochondria  or  had  mitochondria  stuck  in 
axonal  swellings  consistent  with  decreased  transport.  These  results  with  observed  axonal  transport 
defects  in  AD  brain  suggest  axonal  transport  may  play  a  significant  role  in  synapse  loss  and  thus  the 
pathogenesis  of  AD.  Supported  by  the  Jeffress  Memorial  Trust  and  the  National  Institutes  of  Health 
AG-020996. 


UNDERSTANDING  THE  EFFECT  OF  A  DINUCLETIDE  POLYMORPHISM  ON  NITRIC 
OXIDE  SYNTHASE  I  PROMOTER  ACTIVITY  IN  NEURONAL  CELLS.  Angela  Kelly,  Jon 
Altizer,  Linda  Guo,  Yu  Cao,  &  Terrie  Rife.  Dept,  of  Biology,  James  Madison  University, 
Harrisonburg,  VA  22807.  The  transcriptional  induction  of  the  enzyme  Nitric  Oxide  Synthase  I  (NOS 
I)  following  many  degenerative  diseases  such  as  stroke,  nerve  injury,  or  Parkinson’s  disease  is 
thought  to  contribute  to  cell  death.  Because  of  this  there  has  been  much  recent  interest  in  linking 
increasing  size  of  a  dinucleotide  polymorphism  found  in  one  of  the  gene’s  promoter  regions  with 
various  degenerative  diseases.  Preliminary  evidence  suggests  that  increases  in  this  dinucleotide 
polymorphism  may  be  linked  to  Parkinson’s  disease;  however,  further  work  is  needed  to  verify  this 
conclusion.  Additionally  our  lab  is  attempting  to  understand  better  how  this  dinucleotide 
polymorphism  may  effect  NOS  I  expression  through  the  generation  of  promoter-reporter  gene 
constructs  with  varying  dinucleotide  repeat  sizes.  Our  lab  has  also  discovered  a  new  rat  NOS  I  exon 
called  AK  that  may  be  involved  in  translational  control  of  the  NOS  I  gene. 


16 


VIRGINIA  JOURNAL  OF  SCIENCE 


ANALYSIS  OF  CFTR  (CYSTIC  FIBROSIS  TRANSMEMBRANE  CONDUCTANCE 
REGULATOR)  RESIDUES  MODIFIED  BY  PROTEIN  PHOSPHORYLATION.  L.  Daniel  Howell. 
Valerie  Chappe,  Alexandra  Evagelidis  &  John  W.  Hanrahan.  McGill  University,  Department  of 
Physiology,  Montreal,  Quebec  (Canada).  The  Cystic  Fibrosis  Transmembrane  Conductance 
Regulator  (CFTR)  is  a  chloride  channel  responsible  for  causing  cystic  fibrosis  (when  mutated)  and 
chronic  diarrhea  (when  hyperactivated  in  the  gut).  CFTR  is  regulated  by  protein  phosphorylation 
in  a  complex  fashion;  At  least  two  kinases  (PKA  and  PKC)  phosphorylate  CFTR  on  as  many  as  20 
residues.  In  this  study,  we  determined  which  CFTR  residues  are  modified  by  PKC  in  vitro  by  two- 
dimensional  tryptic  peptide  mapping  of  fusion  protein  and  synthetic  peptide  models,  and  we 
examined  the  functional  effects  of  PKC  site  mutations  on  CFTR  channel  activity.  Six  of  the  nine 
predicted  PKC  sites  were  phosphorylated  robustly;  two  (T604  &  S686)  were  essential  for  CFTR 
channel  activity  and  two  (S641  &  T682)  were  found  to  be  inhibitory.  Interestingly,  one  of  the  sites 
(S712)  phosphorylated  by  PKC  is  a  PKA  site.  The  findings  from  this  study  will  help  guide  future 
efforts  to  manipulate  CFTR  activity  in  vivo. 


TRANSFORMING  GROWTH  FACTOR  B-1  INHIBITS  MAST  CELL  FC-s-RI  EXPRESSION. 
Farnaz  Norozian  &  John  J.  Ryan,  Dept,  of  Biol.  Virginia  Commonwealth  University,  Richmond, 
VA  23284-2012.  Transforming  Growth  Factor  beta-1  (TGFP-1)  is  a  potent  regulatory  cytokine 
acting  on  many  immune  cells.  Given  its  inhibitory  actions,  we  tested  its  effects  on  mast  cell 
function.  We  find  that  bone  marrow  derived  mast  cells  (BMMC)  stimulated  with  TGFP-1  have 
reduced  expression  of  the  high  affinity  IgE  receptor,  Fc  epsilon  RI  (FceRI).  TGFP-1  inhibited 
FceRI  expression  approximately  60%,  with  half  maximal  inhibition  requiring  0.3  ng/ml  TGFp-1. 
Reduced  FceRI  expression  could  be  observed  within  24  hours  of  TGFP-1  stimulation,  and  lasted 
for  at  least  7  days.  TGFP-1  also  inhibited  FceRI  expression  on  ex  vivo-cultured  peritoneal  mast 
cells  and  on  cultured  human  mast  cells.  Reduced  expression  of  FceRI  occurred  with  no  change  in 
mRNAs  encoding  the  alpha,  beta,  or  gamma  subunits  of  FceRI.  However,  TGFP-1  reduced  protein 
expression  of  all  three  subunits.  These  date  demonstrate  the  ability  of  TGFp-1  to  inhibit  expression 
of  the  key  mast  cell  activation  receptor,  FceRI. 


THE  EFFECTS  OF  CAFFEINE  ON  UV-INDUCCED  APOPTOSIS  IN  MELANOMA  CELLS. 
Elizabeth  A.  Sioberg  and  Rosemary  Barra,  Department  of  Biology,  Mary  Washington  College, 
Fredericksburg,  VA.  22401.  This  is  a  preliminary  report  on  research  focusing  on  the  possible 
protective  effects  of  caffeine  against  UV  damage  in  skin  cells.  WM-1 15  human  skin  cells,  CRL- 
1675  (ATCC),  were  used  in  this  study.  Cell  viability  was  analyzed  using  the  MTT  assay  after 
exposure  to  varying  concentrations  of  caffeine  and  varying  exposure  times  to  UV  radiation  both 
separately  and  in  combination.  In  addition,  the  activation  of  apoptosis  was  analyzed  using  a 
Caspase-9  assay.  Increasing  concentrations  of  caffeine  and  UV  exposure  caused  significant 
decreases  in  cell  viability.  At  100  pg  /mL  of  caffeine,  viability  was  reduced  by  50%  (P=.008)  and 
at  25  seconds  of  UV  exposure,  there  was  a  60%  decrease  (P=.001).  The  cultures  treated  with  both 
UV  radiation  and  caffeine  showed  a  lower  caspase  9  activity  when  compared  to  cultures  treated  with 
UV  alone.  This  data  suggests  that  caffeine  may  be  exerting  a  protective  effect  against  UV  damage, 
however  additional  experiments  are  needed  to  confirm  this  effect  and  to  determine  the  mechanism 
involved. 


EVALUATION  OF  THE  CYCLOOXYGENASE-2  SPECIFIC  NON-STEROIDAL  ANTI¬ 
INFLAMMATORY  DRUG  VIOXX  (ROFECOXIB)  AS  AN  INHIBITOR  OF 
LIPOPOLYSACCHARIDE-INDUCED  PREGNANCY  LOSS.  Marie  Rodgers’,  Carolyn  M. 
Conway“,  and  Arthur  F.  Conway',  'Dept,  of  Biology,  Randolph-Macon  Coll.,  Ashland,  VA  23005 
and  ^Dept.  of  Biology,  Virginia  Commonwealth  Univ.,  Richmond,  VA  23284.  Lipopolysaccharides 
(LPS)  cause  strong  inflammatory  responses  and  can  cause  pregnancy  loss  at  low  doses.  Since 
prostaglandin  secretion  is  a  major  component  of  inflammatory  responses,  general  non-steroidal  anti- 
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inflammatory  drugs  (NSAIDs)  have  been  evaluated  as  inhibitors  of  LPS-induced  pregnancy  loss 
with  mixed  results.  The  present  study  evaluated  the  specific  cyclooxygenase-2  (COX-2)  inhibitor 
rofecoxib  (Vioxx),  which  reduces  inflammation  in  many  joint  disorders  with  fewer  side  effects  than 
general  NSAIDs.  Three  levels  of  Vioxx  (0,  15  mg/kg/day,  30  mg/kg/day)  were  administered 
through  food  on  gestation  days  7-12  to  mice  that  received  one  of  three  levels  of  LPS  injections  (0, 
2,  or  5  pg)  in  the  tail  vein  on  day  9  of  gestation.  Vioxx  treatment  resulted  in  moderate  reductions 
in  pregnancy  loss  in  mice  receiving  2  pg  LPS,  but  had  no  apparent  effect  on  pregnancy  loss  resulting 
from  5  pg  LPS,  and  the  Vioxx  effects  were  not  statistically  significant  (2-way  ANOVA). 


THE  EFFECTS  OF  ORALLY,  SUBCUTANEOUSLY,  INTRAPERITONEALLY,  AND 
INTRAVASCULARLY  ADMINISTERED  LIPOPOLYSACCHARIDE  ON  PREGNANT  FEMALE 
CD-I  MICE..  Lauren  M.  Steele',  Carolyn  M.  Conway^,  and  Arthur  F.  Conway'.  'Dept,  of  Biol., 
Randolph-Macon  Coll.,  Ashland,  VA  23005  and  ^Dept.  of  Biol.,  Virginia  Commonwealth  Univ., 
Richmond,  VA  23284.  Effects  of  orally  administered  and  injected  lipopolysaccharide  (LPS)  on 
frequency  of  pregnancy  loss  was  studied  in  pregnant  CD- 1  mice.  Oral  administration  modeled  oral 
infections,  intravenous  injection  modeled  sepsis,  intraperitoneal  injection  modeled  peritonitis,  and 
subcutaneous  injection  modeled  a  localized  infection.  Orally  administered  LPS  (2000  micrograms 
per  day  on  days  7-12  of  gestation)  failed  to  significantly  increase  pregnancy  loss  in  CD-I  female 
mice.  Intravenous,  intraperitoneal,  or  subcutaneous  injection  of  2  or  5  micrograms  of  LPS  on  day 
9  of  gestation  significantly  increased  frequency  of  pregnancy  loss,  significantly  decreased 
reproductive  tract  weight  per  implantation  site,  significantly  decreased  maternal  weight  gain,  and 
resulted  in  some  increase  in  maternal  spleen  weights.  Intravenous  and  intraperitoneal  injections 
were  equally  effective,  while  subcutaneous  injections  were  less  effective.  These  results  are 
consistent  with  dependence  of  LPS  effects  on  access  to  macrophages  rather  than  on  access  to  the 
implantation  site. 


PROTEASOME  INHIBITION  BY  EGCG  IS  ACCOMPANIED  BY  BAX  ACCUMULATION  AND 
APOPTOSIS  IN  T  LYMPHOCYTIC  LEUKEMIA  CELLS.  Kimberly  Boelte  &  Rosemary  Barra, 
Dept,  of  Biol.  Sciences,  Mary  Washington  College,  Fredericksburg  VA  22401.  In  this  study,  the 
effects  of  EGCG,  an  ester-bond-containing  polyphenol,  on  proteasome  activity  in  CRL-1990  T 
lymphocytic  leukemia  cells  were  examined.  Proteasome  inhibition  may  lead  to  an  accumulation  of 
the  pro-apoptotic  protein  Bax,  along  with  an  increase  in  the  occurrence  of  apoptosis  in  the  cells. 
Fluorescent  proteasome  inhibition  assays  showed  that  EGCG  significantly  inhibited  proteasome 
activity  in  the  cells  treated  with  10  uM  EGCG  (1 1.2%)  and  in  the  cells  treated  with  30  uM  EGCG 
(22.5%).  Cellular  Bax  levels  increased  with  an  increase  in  EGCG  concentration.  Cellular  Bcl-2 
levels  remained  steady  under  the  same  conditions.  In  addition,  caspase-9  activity  increased  as  the 
concentration  of  EGCG  increased.  The  cells  were  examined  for  morphological  differences  with 
treatment,  showing  definite  difference  between  control  and  treated  cells.  The  treated  cells  showed 
the  morphological  characteristics  of  apoptosis.  With  EGCG  treatment,  the  CRL-1990  cells 
demonstrated  cellular  Bax  accumulation  accompanied  by  apoptosis,  indicating  that  EGCG  may  be 
useful  in  a  treatment  protocol  for  cancer. 


RENAL  PROXIMAL  TUBULE  VDR  REGULATION  IS  CONTROLLED  BY  COORDINATE 
EFFECTS  OF  EXTRACELLULAR  CALCIUM  AND  PTH.  Amandeen  Baiwa  &  Matthew  J. 
Beckman,  Dept,  of  Biochemistry,  Virginia  Commonwealth  University,  Richmond  VA  23298.  Renal 
proximal  vitamin  D  receptor  (VDR)  gene  expression  is  uniquely  regulated  in  a  pattern  consistent 
with  the  control  of  negative  feedback  suppression  on  la-OHase.  Decreased  VDR  gene  expression 
is  influenced  by  low  extracellular  calcium  (Ca)  and  high  parathyroid  hormone  (PTH)  concentration. 
The  effect  of  PTH  on  VDR  gene  expression  was  then  studied  by  TaqMan  Real-Time  RT-PCR.  The 
down-regulation  of  VDR  gene  expression  in  response  to  PTH  was  observed  as  dose-dependent  with 
a  maximal  response  (>  80%)  at  200  ng/ml  of  PTH1.34.  Furthermore,  the  down-regulatory  effect  of 
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PTH  on  VDR  transcript  level  was  abolished  by  addition  of  Ca.  To  examine  if  the  action  of  PTH  was 
direct  for  VDR  transcription,  cells  were  transfected  with  a  VDR  promoter-luciferase  reporter  vector. 
PTH  significantly  repressed  VDR  promoter  activity.  This  in  vitro  study  mimics  a  classic  in  vivo 
model  of  PTH-mediated  renal  proximal  VDR  regulation  and  identifies  a  counter-regulatory  role  for 
extracellular  Ca.  In  conclusion,  PTH  negatively  modulates  HK-2  cell  VDR  transcription  via  the 
cAMP/PKA  pathway. 


INVESTIGATIONS  OF  STAT-1  REGULATION  OF  PLATELET-ACTIVATING  FACTOR 
ACETYLHYDROLASE.  Jean  Lin  &  Suzanne  E.  Barbour,  Dept.  Biochem.,  Virginia 
Commonwealth  University,  Richmond  VA  23298.  Platelet-activating  factor  (PAF)  is  a 
proinflammatory  phospholipid  that  is  catabolized  by  platelet-activating  factor  acetylhydrolase 
(PAF AH).  We  are  studying  localized  aggressive  periodontitis  (LAgP),  a  chronic  inflammatory 
disease  associated  with  a  variety  of  abnormalities  in  monocytes,  the  cells  that  secrete  PAFAH. 
PAFAH  levels  are  low  in  monocytes  from  LAgP  patients.  The  transcription  factor  STATl,  is  also 
expressed  at  low  levels  in  monocytes  from  LAgP  patients.  We  hypothesize  that  PAFAH  expression 
is  induced  by  STATl  and  is  low  in  LAgP  monocytes  due  to  limiting  amounts  of  the  transcription 
factor.  To  study  this  hypothesis,  a  PAFAH  promoter  in  a  luciferase  reporter  construct  was 
transfected  into  P388D1  macrophages.  The  cells  were  treated  with  cPAF  (a  PAF  analog  that 
activates  STATl)  or  IL4  (which  activates  STAT6).  PAFAH  promoter  activity  was  not  induced 
when  cells  are  stimulated  with  cPAF.  However,  IL4  appeared  to  activate  the  PAFAH  promoter. 
Together,  these  data  suggest  that  the  putative  STAT  elements  in  the  PAFAH  promoter  are  functional 
and  may  regulate  PAFAH  expression.  This  work  was  supported  by  a  grant  from  the  National 
Institutes  of  Dental  and  Craniofacial  Research,  DE  13102. 


THE  EFFECTS  OF  FLAVONOIDS  ON  P-GLYCOPROTEINS  IN  COLON  CARCINOMA  CELLS. 
Ashley  E.  Jones  and  Dr.  Rosemary  Barra,  Dept  of  Biol.,  Mary  Washington  College,  Fredericksburg, 
V A. 22405.  Drug  resistance  is  a  process  by  which  cancer  cells  fail  to  respond  or  stop  responding  to 
treatment.  One  type  of  drug  resistance  involves  the  presence  of  p-glycoprotein,  a  channel  protein 
that  allows  an  efflux  of  drugs  from  cancer  cells.  Although  this  protein  is  present  in  most  cells,  it  is 
present  in  higher  concentration  in  cancer  cells.  Even  though  there  are  drugs  currently  on  the  market 
that  inhibit  p-glycoprotein’ s  activity,  recent  studies  have  found  alternatives  to  these  existing 
treatments.  One  such  treatment  uses  flavonoids,  which  are  found  naturally  in  fruits  and  vegetables. 
This  study  investigated  the  effects  of  flavonoids  on  p-glycoprotein  in  colorectal  adenocarcinoma 
cells.  The  cells  were  treated  with  various  concentrations  of  flavonoids.  Verapamil,  and  the 
combination  of  the  two  to  determine  their  effects  on  p-glycoprotein.  P-glycoprotein  activity  was 
determined  using  a  fluorescence  assay,  Vybrant  Multidrug  Resistance  Assay  Kit.  The  results 
indicate  that  flavonoids,  as  well  as  the  currently  available  drug  Verapamil,  inhibited  P-glycoprotein 
activity  in  the  colorectal  adenocarcinoma  cells. 


EVALUATION  OF  INHIBITION  OF  PROGESTERONE  AND  ESTROGEN  SECRETION  AS  A 
POSSIBLE  MECHANISM  INVOLVED  IN  LIPOPOLYSACCHARIDE-INDUCED  PREGNANCY 
LOSS.  Danielle  Kocubinskih  Carolyn  M.  Conways  and  Arthur  F.  Conway’,  'Dept,  of  Biol., 
Randolph-Macon  Coll.,  Ashland,  VA  23005  and  ^Dept.  of  Biol.,  Virginia  Commonwealth  Univ., 
Richmond,  VA  23284.  Lipopolysaccharide  (LPS)  from  Gram-negative  bacteria  causes  pregnancy 
loss  when  injected  into  mice.  We  tested  the  effects  of  LPS  treatment  on  progesterone  and  estradiol 
secretion  in  CD-I  mice.  Mice  were  injected  intravenously  with  5  pg  LPS  or  PBS  (as  a  control)  on 
day  9  of  gestation  and  sacrificed  6  or  24  hours  later.  LPS  caused  maternal  weight  loss  at  6  and  24 
hours  after  treatment  and  decreased  implantation  site  width  and  reproductive  tract  weight  24  hours 
after  treatment,  indicating  a  maternal  inflammatory  response  to  LPS  beginning  prior  to  6  hours  after 
treatment,  minimal  or  no  damage  to  the  6  hour  samples,  and  measurable  damage  to  the  implantation 
site  in  the  24  hour  samples.  LPS  treatment  decreased  maternal  serum  progesterone  levels  at  both 
6  and  24  hours  after  treatment,  but  caused  no  significant  alteration  in  progesterone  or  estradiol  levels 
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in  the  placenta  or  in  maternal  serum  estradiol  levels  at  6  hours  after  treatment.  This  is  consistent 
with  LPS  causing  pregnancy  loss  by  interfering  with  progesterone  secretion  by  the  corpora  lutea  in 
the  ovary. 


LOCALIZATION  AND  ANTIGENICITY  OF  MOUSE  SPERM  TPX-1,  A  MEMBER  OF  THE 
CYSTEINE-RICH  SECRETORY  PROTEIN  (CRISP)  FAMILY.  Stacey  S.  Harrison,  Arthur  F. 
Conway  &  James  A.  Foster.  Dept,  of  Biol.,  Randolph-Macon  Coll.,  Ashland  VA  23005.  Although 
safe  and  effective  contraceptive  methods  are  available,  new  contraceptives  that  can  be  used  more 
effectively  are  needed.  Sperm-based  contraceptive  vaccines  immunize  females  against  sperm 
antigens.  We  studied  Tpx- 1 ,  a  mouse  testis-specific  protein  in  the  CRISP  family  as  a  target  antigen. 
We  tried  to  determine  the  localization  of  Tpx- 1  in  mature  mouse  sperm  and  to  determine  the 
potential  for  use  of  Tpx-1  as  an  antigen  in  a  contraceptive  vaccine.  Immunofluorescence 
microscopy  using  antisera  against  recombinant  rat  Tpx-1  and  a  synthetic  mouse  Tpx-1  peptide 
showed  that  Tpx-1  is  located  primarily  in  the  acrosome  of  mature  mouse  sperm.  The  antigenicity 
of  a  synthetic  Tpx-1  peptide  complexed  with  hemocyanin  was  tested  in  female  CD-I  mice.  No 
significant  increase  in  oviductal,  uterine,  or  blood  serum  IgG,  IgA,  or  IgM  was  observed  at  three 
weeks  following  a  single  injection,  or  fourteen  weeks  following  an  initial  injection  plus  a  booster 
injection  at  three  weeks.  Although  the  Tpx-1  peptide  used  in  this  study  did  not  appear  to  induce  a 
significant  immune  response  in  female  mice,  the  Tpx-1  protein  was  shown  to  be  located  in  the 
acrosome,  an  important  location  for  sperm-egg  interactions. 


A  PRELIMINARY  PROTEOMIC  ANALYSIS  OF  THE  ACROSOMAL  MEMBRANES  OF 
GUINEA  PIG  SPERMATOZOA.  Sara  S.  Hirsch  &  James  A,  Foster.  Dept,  of  Biol.,  Randolph- 
Macon  Coll.,  Ashland  VA  23005.  The  interaction  of  sperm  with  the  zona  pellucida  of  the  egg  is  an 
important  process  during  fertilization.  The  membranes  over  the  sperm  acrosome  are  key 
components  in  this  process,  but  only  a  few  of  the  proteins  of  these  membranes  have  been 
characterized.  This  study  was  a  preliminary  proteomic  analysis  of  the  acrosomal  membranes  in 
guinea  pig  sperm.  We  prepared  acrosomal  apical  segments  that  contained  the  membranes  over  the 
acrosome,  and  performed  Triton  X-1 14  phase  separation  to  isolate  membrane-associated  proteins. 
Proteins  were  analyzed  by  ID  SDS-PAGE,  Western  blot,  zymogen  gel,  and  2D  NEPHGE. 
Microsequence  data  indicated  at  least  one  of  the  acrosomal  membrane  proteins  (~58  kDa.)  is  not 
present  in  current  protein  sequence  databases  and  is  a  novel  protein.  Western  blot  analyses  of 
acrosomal  matrix  proteins  showed  that  AM50  (a  pentraxin  family  member)  is  associated  with  the 
acrosomal  membranes,  while  AM67  (orthologue  of  a  mouse  ZP-binding  protein  sp56)  is  not 
membrane-associated.  Acrosin  (the  activated  form  of  proacrosin  -  a  trypsin-like  protease)  was 
active  when  associated  with  the  acrosomal  membranes.  A  high-resolution  2D  NEPHGE  showed  a 
relatively  small  number  of  major  acrosomal  membrane  proteins. 


MUTATIONAL  ANALYSIS  OF  RECOMBINANT  LACRITIN,  A  NOVEL  SECRETION 
ENHANCING  FACTOR  FROM  THE  HUMAN  LACRIMAL  GLAND.  R.  L.  McKown'.  S.  J. 
Aherne’,  L.  Stehling',  R.  W.  Raab',  G.  L.  Coffman',  &  G.  W.  Laurie^.  'Department  of  Integrated 
Science  and  Technology,  James  Madison  University,  Harrisonburg  VA  22807  and  ^Department  of 
Cell  Biology,  University  of  Virginia,  Charlottesville  VA  22908.  A  recently  discovered  human  gene 
that  codes  for  a  protein  called  lacritin  has  been  shown  to  promote  ductal  cell  proliferation  and 
stimulate  cell  signaling.  This  protein  has  potential  as  a  new  therapeutic  to  treat  Dry  Eye  Syndrome. 
A  series  of  Carboxyl  (C)  terminal  deletions  were  genetically  engineered  to  create  variants  of  the 
lacritin  protein.  The  recombinant  genes  were  cloned  into  E.  coli  expression  vectors,  expressed  in 
culture,  and  purified.  The  purified  variant  proteins  were  analyzed  for  mitogenic  activity  in  the 
proliferation  of  ductal  cell  growth.  Recombinant  lacritin  proteins  with  5  and  1 0  amino  acid  residues 
removed  from  the  C-terminus  were  mitogenic  while  proteins  with  deletions  of  15,  20,  25,  and  59 
amino  acid  residues  from  the  C-terminus  were  not  mitogenic.  An  amphipathic  alpha  helical  region 
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has  been  identified  in  the  C-terminal  region  of  lacritin  and  a  potential  structure-function  relationship 
is  presented. 


ANTIBIOTIC  RESISTANCE  ASSAY:  CAN  THIS  PROCEDURE  WORK  USING  ESCHERICHIA 
COLI  AS  THE  STANDARD?  Felicia  Clark  and  Carolyn  L.  Thomas,  Dept,  of  Biology,  Ferrum 
College,  Ferrum,  VA  24088.  The  standard  bacteria  species  used  in  the  Antibiotic  Resistance 
Analysis  is  fecal  streptococcus  or  enterococci.  Currently  the  Virginia  bacterial  standard  for 
swimmable/fishable  and  potable  water  is  changing  to  use  Escherichia  coli.  The  purpose  of  this 
research  was  to  develop  a  new  procedure  for  the  Antibiotic  Resistance  Analysis  (ARA)  using  E.  coli 
as  the  bacteria  evaluated  for  resistance.  During  the  first  phase  of  research,  a  “pure”  Escherichia  coli 
culture  was  purchased  and  evaluated  for  resistance  patterns.  When  the  pure  culture  of  E.  coli  was 
tested  for  confirmation  of  species  the  expected  results  were  observed  from  the  first  trial,  but  the 
same  results  were  not  observed  in  the  following  two  trials.  The  second  phase  of  research  was 
designed  to  test  different  variables  in  the  analysis  to  determine  the  cause  of  species  identification 
variations.  The  results  from  two  of  the  three  variables  (pH,  age  of  culture  and  other  field  E.coli 
culture)  tested  showed  no  signs  of  influence.  However,  when  compared  to  a  trial  conducted  using 
a  sample  of  lake  water  bacteria  that  tested  positive  to  contain  Escherichia  coli,  the  expected 
identification  results  were  observed. 


AN  EXAMINATION  OF  SEASONAL  GROWTH  RATES  AND  SURVIVORSHIP  OF  THE 
‘HISPID  COTTON  RAT’  IN  SOUTHEASTERN  VIRGINIA.  Heather  A.  Green  &  Robert  K.  Rose, 
Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  VA.  23529-0047.  A  reexamination  of  specific 
population  dynamic  aspects  of  the  hispid  cotton  rat  is  necessary  in  order  to  gain  additional 
knowledge  and  perspective  of  this  species  in  its  northernmost  distribution  on  the  east  coast  of  the 
United  States.  Previous  studies  have  provided  evidence  of  negative  growth  of  males  and  females 
over  the  winter  months.  An  in-depth  study  of  the  rates  of  growth  in  males  and  females  throughout 
the  seasons  in  Virginia  will  provide  a  basis  for  comparison  with  those  of  the  other  geographic 
populations.  By  comparing  growth  rates  within  each  season  in  Virginian  populations,  patterns 
should  emerge  demonstrating  higher  and  lower  rates  of  survival  during  different  times  of  the  year. 
Newly  collected  data  associated  with  winter  growth  rates  may  also  reveal  new  insight  concerning 
winter  survivorship  of  cotton  rats.  Some  populations  of  cotton  rats  are  located  at  the  same  northern 
latitude,  but  they  exhibit  differences  in  their  body  size.  The  larger  question  is  to  understand  both 
why  geographic  populations  differ  in  body  size  and  the  relevant  forces  of  selection  promoting  these 
patterns. 


PROBLEMS  ASSOCIATED  WITH  THE  USE  OF  SECONDARY  SEXUAL  CHARACTERISTICS 
IN  THE  TAXONOMY  OF  AMETABOLA  E4SECTS:  NEW  GENUS  ALLOCATION  FOR 
PARTICULAR  CUBAN  NICOLETIIDS  (ZYGENTOMA:  INSECTA).  Beniamin  Carlson  &  Luis 
Espinasa,  Department  of  Natural  Sciences,  Shenandoah  University,  Winchester,  VA.  22601 .  Genus 
Anelpistina  is  differentiated  only  from  Cubacubana  by  the  presence  of  a  characteristic  that  develops 
late  in  male  development;  articulated  appendages  in  urostemum  IV.  While  reviewing  new  samples 
of  allegedly  Cubacubana  negreai,  it  was  found  that  adult  males  had  such  appendages,  and  therefore 
the  species  should  receive  a  new  allocation:  Anelpistina  negreai.  Caution  is  stressed  on  the  fact  that 
juvenile  Anelpistina  can  wrongly  be  assigned  to  Cubacubana.  The  use  of  secondary  sexual 
characteristics  in  the  taxonomy  of  ametabola  insects  should  be  prevented  whenever  possible. 


BIODIVERSITY  ESTIMATES  ALONG  ALTITUDINAL  CLINES  IN  POPOCATEPETL,  THE 
FIFTH  HIGHEST  MOUNTAEM  IN  NORTH  AMERICA.  Jennifer  S.  Roberts.  Joycelyn  Cespedes, 
&  Luis  Espinasa,  Department  of  Natural  Sciences,  Shenandoah  University,  Winchester,  VA.  22601 . 
As  part  of  a  general  ecological  study  on  Popocatepetl,  it  was  decided  to  do  a  pilot  study  of  its 
biodiversity  to  see  if  it  behaved  as  predicted  by  models.  There  appears  to  be  a  correlation  between 
altitude  and  plant  biodiversity  along  the  slopes  of  the  Mexican  volcano  of  Popocatepetl.  The  higher 
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the  altitude,  the  lower  the  biodiversity.  Biomass  and  species  richness  are  not  necessarily  correlated 
with  altitude.  All  our  results  corroborate  that  in  Popocatepetl,  the  factors  that  control  biodiversity, 
species  richness,  and  biomass  along  altitudinal  dines,  mirror  those  of  latitudinal  dines. 


THE  DISTRIBUTION  AND  STATUS  OF  THE  SOUTHERN  BOG  LEMMING  IN  EASTERN 
VIRGINIA.  Robeit  K  Rose,  Dept,  of  Biological  Sciences,  Old  Dominion  Univ.,  Norfolk,  Virginia 
23529-0266.  The  southern  bog  lemming,  Synaptomys  cooperi,  is  a  small  short-tailed,  short-eared 
rodent  in  the  subfamily  Microtinae.  Since  the  end  of  the  Wisconsinan  glaciation  10,000  years  ago, 
this  boreal  mammal  receded  northward,  leaving  isolated  populations  stranded  in  a  few  locations, 
including  the  Dismal  Swamp  of  Virginia.  Discovered  there  in  1 895  during  the  first  surveys  of  the 
Swamp,  it  was  not  seen  again  until  collected  by  pitfall  traps  in  1 980  in  the  northern  section  of  the 
Great  Dismal  Swamp  National  Wildlife  Refuge.  Lemmings  live  in  early  successional  habitats  such 
as  Oldfields,  under  powerlines,  and  in  early  serai  stages  such  as  young  pine  plantations.  Males  and 
females  are  similar  in  length  and  weight;  breeding  is  year-round  and  begins  at  lower  body  weights 
than  for  lemmings  from  populations  from  Illinois  and  Kansas.  Litter  sizes  appear  to  be  smaller  than 
in  populations  from  the  Midwest.  This  lemming  is  patchily  distributed  over  several  thousand  km^ 
throughout  southeastern  Virginia,  including  45  locations  east  and  west  of  the  Refuge  and  six 
locations  in  Isle  of  Wight  County.  I  judge  its  status  to  be  secure  at  present.  Supported  by  the  Office 
of  Endangered  Species,  US  Fish  and  Wildlife  Service  and  the  Virginia  Department  of  Game  and 
Inland  Fisheries. 


DESCRIPTION  OF  NEW  SPECIES  OF  SQUAMIGERA  (INSECTA:  ZYGENTOMA: 
NICOLETIIDAE).  Bethany  B.  Burnham  &  Luis  Espinasa.  Department  of  Natural  Sciences, 
Shenandoah  University,  Winchester,  VA.  22601 .  The  genus  Squamigeria  was  established  in  1999 
with  a  single  male  individual.  Understanding  of  the  genus  was  therefore  limited.  Several  attempts 
were  made  to  find  more  samples  of  the  species  but  they  all  failed.  In  2001,  an  expedition  was 
successful  in  finding  new  material  for  the  Squamigera  species.  Also,  new  materials  of  related 
Squamigeria  species  were  found  while  reviewing  museum  collections.  With  these  materials  two  new 
species  will  be  described. 


A  COMPARISON  OF  MITOCHONDRIAL  DNA  MARKERS  FOR  PHYLOGENETIC 
ASSESSMENT  OF  MID-ATALANTIC  POPULATIONS  IN  THE  HAIRY-NECKED  TIGER 
BEETLE  (Cicindela  hirticollis  hirticollis).  Ryan  M.  Woodcock.  James  A.  Foster,  &  C.  Barry 
Knisley,  Department  of  Biology,  Randolph-Macon  College,  Ashland  VA  23005-5505.  Coastal 
populations  of  hairy-necked  tiger  beetle,  Cicindela  (Cicindela)  hirticollis,  in  Maryland  are  known 
to  be  morphologically  distinct  from  Chesapeake  Bay  populations.  It  was  hypothesized  that 
populations  from  Assateague  Island  would  exhibit  genetic  divergence  from  mainland  populations 
of  C.  hirticollis  hirticollis  in  Virginia  and  Maryland.  Genetic  analysis  was  conducted  by  sequencing 
the  cytochrome  b  gene  marker  on  the  mitochondrion  and  the  results  were  used  to  construct  a 
phylogeny.  Two  sequences,  C.  hirticollis  hirticollis  from  Indiana,  and  C.  hirticollis  siushawensis 
from  Wyoming,  were  used  as  out-groups.  Cicindela  hirticollis  from  Smith  Point  VA  and  Calvert 
County  MD  showed  Parsimony  of  mitochondrial  haplotypes  indicated  that  mainland  populations 
form  a  cohesive  and  contiguous  group.  However,  C.  hirticollis  from  Assateague  Island  appear  as 
a  distinct  clade  from  the  mainland  C.  hirticollis.  Taxonomic  reassessment  between  these  separate 
gene  pools  is  warranted.  This  study  was  funded  by  a  Summer  Undergraduate  Research  Fellowship 
from  Randolph-Macon  College. 


FEEDING  HABITS  IN  THE  NORTHERNMOST  CAVE-ADAPTED  FISH  IN  THE  WORLD. 
Gregory  N.  F.  Spangler.  Judith  C.  Wilcox,  &  Luis  Espinasa,  Department  of  Natural  Sciences, 
Shenandoah  University,  Winchester,  VA.  22601.  The  objective  of  this  study  was  to  establish  if 
there  is,  apart  from  the  cave  fish,  a  whole  unique  cave  adapted  biological  community  underneath 
the  Nippenose  valley.  Since  the  only  access  to  the  aquifer  is  just  a  single  small  cave,  we  could  not 
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properly  collect  samples  directly.  As  a  solution,  we  studied  the  stomach  contents  of  the  cave  fish 
since  they  are  predatory  fish.  Specimens  of  Gammarus  minus  with  reduced  eyes  and  a  stygobiont 
isopod  were  found,  leading  us  to  conclude  that  the  underground  cave  system  of  the  Nippenose  valley 
is  host  not  only  to  the  northernmost  cave  adapted  fish  in  the  world,  but  to  a  whole  unique  cave 
adapted  biological  community.  Conservation  of  this  underground  system  should  be  a  priority. 


EXPRESSION  AND  FUNCTIONAL  ANALYSIS  OF  MUTANTS  OF  THE  ARABIDOPSIS 
HEXOSE  TRANSPORTER,  STPl,  IN  A  HEXOSE-TRANSPORT  DEFICIENT  YEAST.  Douglas 
Wilson.  Matthew  Seward  &  Janet  Daniel,  Dept,  of  Biol.,  James  Madison  Univ.,  Harrisonburg,  VA 
22807.  We  studied  conserved  amino  acid  sequences  in  the  STPl  hexose  transporter  gene  of 
Arabidopsis  thaliana.  Amino  acid  sequence  comparisons  hQtwQQW  Arabidopsis  hexose  transporters 
(STPs)  and  human  glucose  transporters  (GLUTs)  have  revealed  common  amino  acid  sequences  and 
plant-specific  sequences.  An  arginine  (R)  residue  in  transmembrane  domain  6  (TM6)  is  thought  to 
be  the  proton-binding  site  for  the  proton-dependent  hexose  transporters  of  plants.  In  TM7,  the 
amino  acid  sequence  QLS  is  present  in  GLUTs  that  exclusively  transport  glucose,  whereas  the  non¬ 
specific  hexose  transporters,  yl/STPs,  have  a  conserved  PFF  sequence  at  the  same  position.  Site 
directed  mutagenesis  changed  plant  sequences  to  human  sequences  in  TM6  and  TM7  in  STPl  to 
produce  a  mutant  STPl  expected  to  transport  hexoses  in  a  manner  similar  to  GLUTs.  We  describe 
expression  constructs  containing  wild-type  and  mutant  STPls  and  the  optimization  of  a  yeast 
transformation  protocol  to  transfer  the  expression  constructs  into  a  hexose-transport  deficient  strain 
of  Saccharomyces  cerevisiae  (EB  Y.  VW4000)  and  results  of  preliminary  growth  experiments  using 
the  yeast  transformants. 


THE  EFFECTS  OF  MALATHION  ON  THE  DEVELOPMENT  OF  ZEBRAFISH  (DANIORERIO) 
EMBRYOS.  Elise  M.  Branch  &  Rebecca  L.  Beach,  Department  of  Biology,  Hollins  University, 
Roanoke,  VA  24020.  The  popularity  of  the  pesticide  malathion  is  largely  due  to  its  relatively  low 
toxicity  and  short  half-life  compared  to  other  insecticides.  When  handled  correctly,  malathion 
toxicity  is  low  for  birds  and  mammals,  moderate  for  aquatic  life,  and  high  for  nontarget  insects. 
Problems  arise  when  it  is  stored  improperly  and  when  applications  are  repeated  frequently  with 
inadequate  time  intervals  to  allow  for  degradation.  Although  malathion  levels  occurring  in  surface 
and  ground  waters  do  not  remain  constant,  they  have  been  monitored  at  levels  far  exceeding  those 
cited  by  the  EPA  as  potentially  damaging  to  nontarget  organisms.  In  this  study,  zebrafish  {Danio 
rerio)  embryos  were  exposed  to  concentrations  of  a  consumer  grade  malathion  at  and  above  national 
recommended  water  quality  levels,  and  effects  on  embryos  were  examined  and  analyzed.  Exposure 
to  consumer  grade  malathion  produced  significant  increases  in  mortality  in  5.0  and  10.0  parts  per 
billion,  and  significant  increases  in  incidences  of  deformity  in  concentrations  as  low  as  0.5  ppb. 
These  results  suggest  that  exposure  to  low  concentrations  of  consumer  grade  malathion  can  be 
especially  detrimental  in  early  stages  of  development,  which  emphasizes  the  need  for  tougher  safety 
standards  for  this  chemical. 


ANTIPREDATOR  BEHAVIOR  OF  GOLDEN  SHINERS,  NOTEMIGONUS CRYSOLEUCAS  AND 
FATHEAD  MINNOWS,  PIMEPHALES  PROMELAS  IN  THE  PRESENCE  OF  LARGEMOUTH 
BASS,  MICROPTERUS  SALMOIDES.  Anne  K.  Durbin',  Renee  Godard'  &  Bonnie  B.  Bowers^ 
Hollins  University,  Dept,  of  Biology'  and  Psychology^,  Roanoke  Va  24020.  Fathead  minnows 
(Pimephales  promelas)  have  been  used  as  a  model  for  the  study  of  antipredator  responses  but  have 
poor  survivorship  in  lakes  with  introduced  predators.  Though  studied  less  frequently,  golden  shiner 
minnows  (Notemigonous  crysoleucas)  survive  and  even  thrive  in  lakes  after  the  introduction  of 
predators.  We  examined  the  behavior  of  both  species  of  minnows  in  the  presence  of  largemouth 
bass  {Micropterus  salmoides).  Fathead  minnows  spent  more  time  swimming  before  and  during 
exposure  to  a  predator  as  well  as  when  exposed  to  bass  odor  cues.  Under  direct  predation,  fathead 
minnows  showed  more  escape  behaviors  while  golden  shiner  minnows  showed  more  inspection 
behavior.  Although  not  statistically  significant,  bass  were  more  successful  in  capturing  fathead 
minnows  than  golden  shiner  minnows  during  their  first  2  h.  together  in  the  tank  as  well  as  after  24 
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hours.  These  data  suggest  that  antipredator  strategies  used  by  fathead  minnows  may  not  be  as 
successful  as  those  employed  by  golden  shiner  minnows  and  may  contribute  to  the  poor  survivorship 
of  fathead  minnows  in  the  wild. 


IMMUNOHISTOCHEMICAL  STUDY  OF  THE  NERVOUS  SYSTEM  DURING 
REGENERATION  IN  L  UMBRICUL  US  VARIEGA  TUS.  Meghna  Das  Thakur  &  Rebecca  L.  Beach, 
Department  of  Biology,  Hollins  University,  Roanoke,  VA  24020.  Lumbriculus  variegatus  is  a  small 
aquatic  oligochaete  that  reproduces  asexually  by  fragmentation  and  regeneration.  In  this  study  a 
whole-mount  immunostaining  procedure  was  developed  as  a  molecular  approach  to  the  study  of 
regeneration  in  this  worm.  Using  the  antibodies  22C10  and  BP  104  anti-neuroglian,  the  structure  of 
the  regenerating  nervous  system  following  transections  was  visualized.  During  regeneration,  nerve 
fibers  were  observed  to  grow  out  from  the  remaining  ventral  nerve  chord  and  gradually  form 
networks  in  the  anterior  regenerating  blastema.  Throughout  the  8  day  period  of  head  regeneration, 
fibers  progressively  extended  into  the  prostomium  (a  sensory  organ)  at  the  anterior  tip  prior  to 
connecting  to  the  presumptive  brain  rudiment.  A  neural  network  first  appeared  around  the  blastema 
at  day  4  and  rapidly  expanded  through  day  6.  Growth  at  the  posterior  end  was  suspended  during  the 
period  of  head  regeneration.  These  results  suggest  that  the  nervous  system  plays  an  important  role 
in  head  regeneration  of  L.  variegatus. 


DURATION  OF  THE  ADRENOCORTICAL  RESPOSNE  TO  STRESS  IN  CAPTIVE  HOUSE 
SPARROWS,  PASSER  DOMESTICUS.  Christina  E.  Wheeler  &  C.  Morgan  Wilson.  Dept,  of  Biol., 
Hollins  University,  Roanoke,  VA  24020.  Corticosterone,  the  primary  avian  hormone  of  stress  and 
energy  regulation,  is  secreted  rapidly  from  adrenocortical  tissue  in  response  to  perturbation.  While 
acute  corticosterone  secretion  has  been  shown  to  be  adaptive,  chronically  elevated  corticosterone 
has  negative  physiological  and  behavioral  consequences.  To  determine  the  time  necessary  to  return 
to  baseline  corticosterone  following  acute  perturbation,  we  measured  the  adrenocortical  response 
of  House  Sparrows  in  the  field  and  laboratory.  Field-captured  birds  exhibited  low  initial 
corticosterone  followed  by  a  rapid  increase  that  reached  a  maximum  within  30-60  min.  Laboratory- 
held  birds  demonstrated  a  similar  response,  but  had  significantly  higher  baseline  and  lower  60  min 
corticosterone  concentrations.  Laboratory-held  birds  sampled  again  1-3  h  following  the  end  of  the 
original  perturbation  showed  no  significant  change  in  either  baseline  or  60  min  levels.  These  data 
suggest  laboratory  conditions  elicit  chronic  elevation  in  baseline  corticosterone  and  that  individuals 
show  hormonal  recovery  during  a  perturbation  that  is  not  ultimately  life-threatening.  Experiments 
measuring  the  adrenocortical  responses  of  captive  and  free-living  birds  should  be  designed  with 
these  data  in  mind. 


TRACKING  HETEROCYST  AND  AKINETE  CELL  DIFFERENTIATION  IN  THE 
CYANOBACTERIUM,  ANABAENA,  USING  FLUORESCENT  MICROSCOPY.  Jeremy  Rosen', 
Robert  Fisher',  and  Rosita  Pitts^,  'Dept,  of  Biol.,  Virginia  Commonwealth  Univ.,  Richmond,  VA 
23284  and  ^J.  Sargeant  Reynolds  Comm.  Coll.,  Richmond,  VA  23285.  Filamentous  cyanobacteria 
of  the  genus  Anabaena  can  develop  into  two  cell  types:  Heterocysts  are  nitrogen  fixing  cells  that 
develop  in  non-random  distributions  within  the  colony.  Low  levels  of  combined  nitrogen  trigger 
their  differentiation  from  vegetative  cells.  Akinetes  can  be  induced  by  a  lack  of  sufficient  phosphate. 
Akinetes  are  cold  and  desiccation  tolerant  and  act  as  survival  units  for  the  bacterial  genome. 
Developmental  progress  can  be  monitored  using  two  simple  laboratory  tools.  Chlorophyll  a 
concentration  (as  calculated  by  spectrophotometry)  and  fluorescent  microscopy  can  be  used  to  track 
cell  differentiation  and  growth.  Using  these  techniques,  we  compare  the  growth  patterns  of 
cyanobacteria  cultured  in  media  that  favors  heterocyst  or  akinete  formation.  Cultures  made  up 
primarily  of  vegetative  cells  and  heterocysts  display  a  significantly  different  growth  pattern  from 
cultures  made  up  of  developing  akinetes.  Heterocysts  lost  fluorescence  as  they  developed.  Akinete 
cell  fluorescence  decreased  during  development  but  was  never  lost  completely. 


24 


VIRGINIA  JOURNAL  OF  SCIENCE 


THE  IDENTIFICATION  OF  AN  AKINETE  MARKER  GENE  IN  THE  CYANOBACTERIUM 
ANABAENA  AZOLLAE\]'&YE\G  PCR  AMPLIFICATION.  Sharmella  Anderson  and  Jonathan  Heekin, 
VCU-J.  Sargeant  Reynolds  Community  College  Research  Partnership,  Dept,  of  Biol.,  VCU, 
Richmond,  VA  23284-2012.  The  purpose  of  this  project  was  to  use  PCR  to  look  for  an  akinete 
marker  gene.  We  used  two  types  of  culture  media  (SSM  and  AA/8).  The  SSM  lacked  phosphate.  The 
SSM  PCR  products  were  compared  to  those  from  the  AA/8  cultures.  The  AA/8  medium  lacked 
nitrogen  and  induced  heterocyst  differentiation.  Weekly,  2  ml  of  the  AA/8  culture  were  extracted 
and  placed  in  the  125  ml  flasks  containing  the  AA/8  medium  to  continue  the  culture  growth,  and  10 
ml  of  the  AA/8  culture  were  extracted  and  placed  in  the  125  ml  flasks  containing  the  SSM  medium. 

Biweekly,  the  cyanobacteria  were  extracted  using  a  revised  DNA  extraction  protocol.  After 
obtaining  the  DNA,  it  was  then  amplified  using  a  PCR  machine  to  look  for  the  akinete  gene  from 
the  DNA.  There  were  several  PCR  programs  used  but  the  one  that  we  found  to  give  the  most 
promising  results  was  the  Noak51  program.  Electrophoresis  was  used  to  actually  see  the  PCR 
results.  We  observed  the  results  from  the  PCR  of  the  AA/8  cultures  and  compared  it  with  the  SSM 
cultures  to  see  if  our  findings  were  positive  or  negative  in  finding  the  akinete  marker  gene.  We  were 
able  to  find  the  gene  in  both  media  types. 


THE  EFFECTS  OF  FIXED  NITROGEN  COMPOUNDS  ON  THE  GROWTH  AND 
DEVELOPMENT  OF  THE  CYANOBACTERIUM  ANABAENA.  Janice  Clanton,  Virginia 
Commonwealth  University- J.  Sargeant  Reynolds  Community  College  Research  Partnership,  Dept, 
of  Biol.,  VCU,  Richmond,  VA  23284-2012.  Our  objectives  were  to  evaluate  the  effects  of  nitrogen 
compounds  on  the  growth  and  differentiation  of  the  cyanobacterium  Anabaena  azollae.  To  do  this 
we  studied  the  effects  of  sodium  nitrate  and  how  it  would  effect  heterocyst  development. 
Cyanobacteria  differentiate  heterocysts  to  fix  atmospheric  nitrogen.  Cell  differentiation  and  its 
effect  on  a  larger  system  were  studied.  Cultures  were  grown  in  75ml  of  AA/8  medium  contained 
in  125ml  flasks.  Two  milliliters  of  subculture  were  transferred  weekly  into  new  flasks  to  maintain 
stocks.  All  experiments  were  done  in  triplicate  and  repeated  three  times.  The  count  for  heterocysts 
was  taken  in  both  control  and  sodium  nitrate  treated  cultures.  Heterocysts  declined  in  the  sodium 
nitrate  treatment.  The  percentages  declined  over  a  7  day  time  period.  Heterocysts  continued  to 
increase  over  the  7  days  in  the  control .  These  results  showed  a  direct  correlation  between  medium 
type  and  cell  differentiation. 


THE  EFFECTS  OF  NaCl  AND  KCl  ON  THE  GROWTH  OF  THE  CYANOBACTERIUM, 
ANABAENA,  AS  MEASURED  BY  CHANGES  IN  CHLOROPHYLL  A  CONCENTRATIONS. 
Reana  Muhammad,  Gail  Senatore,  &  Jason  Smith,  Virginia  Commonwealth  University- J.  Sargeant 
Reynolds  Community  College  Research  Partnership,  Dept,  of  Biol.,  VCU,  Richmond,  VA  23284- 
2012.  The  purpose  of  this  study  was  to  examine  the  growth  of  the  cyanobacterium,  Anabaena,  as 
it  was  exposed  to  NaCl  and  KCl  in  a  controlled  environment.  During  this  study.  Chlorophyll  a  (as 
pg  chi  ^  ml  of  culture)  served  as  the  dependent  variable  and  concentrations  of  salts  were  the 
independent  variables  (OmM,  25mM,  50mM,  75mM,  lOOmM  of  NaCl,  and  KCl).  All  cultures  were 
grown  in  75ml  of  AA/8  medium  contained  in  125ml  flasks.  Two  milliliters  of  sub-culture  were 
transferred  weekly  into  a  new  flask  to  maintain  stocks.  All  experiments  were  done  in  triplicate  and 
repeated  three  times.  Higher  concentrations  of  both  the  NaCl  and  KCl  showed  more  inhibition  than 
the  lower  concentrations.  As  mM  of  each  salt  increased,  Anabaena  growth  slowly  decreased.  The 
data  gathered  suggests  that  Anabaena  is  able  to  survive  in  environments  where  concentrations  of 
NaCl  are  high,  but  it  will  show  signs  of  more  severe  inhibition  in  Kcl. 


THE  EFFECTS  OF  TUMOR  NECROSIS  FACTOR  a  AND  INTERLEUKIN  1 0  ON  DENDRITIC 
CELL  (DC)  MATURATION.  Emily  A.  Edelman  &  Rosemary  Barra,  Dept,  of  Biol.,  Mary 
Washington  College,  Fredericksburg,  VA  2240 1 .  DCs  play  an  important  role  in  presenting  antigens 
to  T  cells  and  mounting  an  immune  response  against  an  antigen.  In  order  to  prime  T  cells,  DCs  must 
first  be  activated  in  the  lymph  system.  The  purpose  of  this  experiment  was  to  determine  the  effects 
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that  Tumor  necrosis  factor  alpha  (TNF-a)  and  Interleukin  1 0  (IL- 1 0)  have  on  DC  maturation.  TNF- 
a  is  effective  in  inducing  DC  maturation  while  IL-10  prolongs  the  immature  stage  of  the  DC  life 
cycle.  This  experiment  used  slide  photographs  and  Western  Blots  as  qualitative  standards  of  the 
effects  of  TNF-a  and  IL-10  on  DC  maturation.  Through  comparing  IL-10  and  TNF-a  treated  cells 
(10,  15,  20,  and  25  ng/ml),  both  c5dokines  were  shown  to  influence  DC  maturation  in  higher  doses 
(20  and  25  ng/ml).  11-10  inhibits  maturation,  as  seen  in  the  photographs  and  Western  Blot  using 
CD80  as  the  protein  of  interest.  CD80  is  present  on  mature  DCs  in  higher  concentrations  and 
present  on  immature  DCs  in  lower  concentrations.  Pictures  show  that  TNF-a  enhances  maturation 
but  the  Western  Blots  did  not  show  a  conclusive  increase  or  decrease  in  CD80  concentration.  The 
results  of  this  experiment  can  be  used  as  the  foundation  for  future  studies  on  the  effects  of  TNF-  a 
stimulated  DCs  on  cancer  cells. 


THE  KINETICS  OF  THE  WATER  PERMEABILITY  PATHWAY  OF  MAMMALIAN  RED 
CELLS.  Karen  Sugahara  &  Stephen  Gallik,  Ph.  D.  Dept  of  Biol.  Sci.,  Mary  Washington  College, 
Fredericksburg,  VA.  22401.  Previous  studies  have  firmly  established  the  relationship  between 
amount  of  hemolysis  and  the  salt  concentrations  of  hypotonic  solutions.  The  specific  objective  of 
this  study  is  to  describe  the  kinetics  of  the  osmotically-induced  hemolysis  process  in  normal 
anuclear  mammalian  red  cells.  The  time-dependent  process  of  hemolysis  of  normal  sheep  red  blood 
cells  was  tracked  across  a  series  of  hypotonic  phosphate-buffered  saline  solutions  ranging  from  ionic 
strengths  equivalent  to  0.35%  -  0.60%  NaCl.  The  percent  transmittance  of 625nm  light  (%T625),  used 
as  a  measure  of  the  amount  of  hemolysis,  was  recorded  continuously  over  a  period  of  three  minutes. 
Our  results  show  that  the  time-dependent  process  of  osmotically-induced  hemolysis  can  be  described 
by  the  equation  for  a  rectangular  hyperbola  of  the  form  y  =  (ax)  /  (b+x).  The  results  show  that  the 
initial  instantaneous  velocity  of  osmotically-induced  hemolysis  (the  instantaneous  velocity  at  1  sec.; 
Vi)  falls  within  a  range  of  approximately  22  %T/sec  to  approximately  1  %T/sec.  The  relationship 
between  Vi  and  the  salt  concentration  is  sigmoidal,  with  the  transition  region  between  near¬ 
maximum  and  near-minimum  Vi  occurring  between  hypotonic  PBS  solutions  equivalent  to  the  ionic 
strengths  of  0.45%  and  0.55%  NaCl. 


PRELIMINARY  SCREENING  OF  ACINETOBACTER  SP.  BD413  FOR  GENES  INVOLVED  IN 
THE  REGULATION  OF  NATURAL  COMPETENCE.  Wendy  C.  Satterwhite.  Jessamine  L.  Newer 
&  Margaret  K.  Pope,  Dept,  of  Biol.,  Randolph-Macon  Woman’s  College,  Lynchburg,  VA  24503. 
Natural  competence  is  the  physiological  state  that  enables  a  bacterium  to  undergo  the  process  of 
natural  transformation.  The  decision  to  enter  the  competent  state  is  highly  regulated  in  most  bacteria 
that  are  capable  of  these  processes,  and  usually  occurs  during  stationary  phase.  In  Acinetobacter  sp. 
BD413,  however,  maximal  competence  has  been  observed  during  exponential  growth.  As  this 
bacterium  is  a  UV-mutagenized  derivative  of  an  environmental  isolate,  we  question  these  findings. 
Thus  we  have  performed  Southern  hybridizations  against  Acinetobacter  sp.  BD413  genomic  DNA 
using  as  probes  two  genes,  pilR  and  pilS,  which  code  for  proteins  that  comprise  a  two-component 
regulatory  system  involved  in  the  regulation  of  natural  competence  in  Pseudomonas  stutzeri. 
Preliminary  results  suggest  that  a  similar  regulatory  system  may  be  present  in  Acinetobacter,  though 
it  is  not  known  at  this  time  if  it  is  functional.  Efforts  to  clone  and  characterize  these  homologous 
genes  from  a  bacteriophage  genomic  library  of  Acinetobacter  sp.  BD413  are  currently  underway. 


PURIFICATION  AND  CHARACTERIZATION  OF  A  RECOMBINANT  HEMIN  BINDING 
PROTEIN  FROM  PORPHYROMONAS  GINGIVALIS.  Tomeka  Liggans,  Kevin  Jones,  Janina 
Lewis,  and  Frank  Macrina.  The  Philips  Institute,  School  of  Dentistry,  Virginia  Commonwealth 
University,  Richmond,  VA  23298  &  Dept,  of  Biology,  J.  Sargeant  Reynolds  Community  College, 
Richmond,  VA  23285.  Porphyromonas  gingivalis  (P.  gingivalis)  is  an  anaerobic  bacterium, 
meaning  that  the  bacteria  can  thrive  in  the  absence  of  oxygen.  It  is  recognized  as  an  etiological 
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agent  of  adult  periodontal  disease  that  requires  hemin  for  growth.  Periodontal  disease  affects  the 
majority  of  adults  to  some  degree,  which  may  be  associated  with  dental  infection  and  loss  of  teeth. 
P.  gingivalis  is  implicated  as  an  important  periodontal  pathogen  by  its  high  incidence  levels  in 
human  disease.  This  project  evaluated  the  binding  and  utilization  of  hemoglobin  and  hemin  growth 
demonstrated  in  P.  gingivalis.  P.  gingivalis  has  been  shown  to  be  an  organism  in  the  mouths  of 
people  with  periodontal  disease.  It  produces  many  protease  enzymes  that  can  destroy  tissues.  I  am 
studying  one  of  the  proteins  that  allow  P.  gingivalis  to  acquire  iron  (from  hemoglobin),  which  is 
necessary  for  protease  production. 


HORMONAL  AND  MICROBIOLOGICAL  INVESTIGATION  OF  THE  UNBALANCED  SEX 
RATIO  OF  WINTERING  AMERICAN  GOLDFINCHES,  CARDUELIS  TRISTIS.  Sally  L.  Beazlie 
&  C.  Morgan  Wilson.  Dept,  of  Biol.,  Hollins  University,  Roanoke,  VA  24020.  Late  summer 
breeding,  migration,  and  over-wintering  may  impact  female  birds  more  than  males,  and  this  may 
help  explain  the  unbalanced  sex  ratio  documented  in  American  Goldfinches  (1.6cf;l?  during 
breeding).  Because  corticosterone,  the  major  avian  hormone  of  stress  and  energy  regulation,  can 
be  immunosuppressive,  high  bacterial  load  may  occur  in  birds  exhibiting  chronically  elevated 
corticosterone.  To  investigate  factors  that  may  contribute  to  the  unbalanced  sex  ratio  of  goldfinches, 
we  measured  the  adrenocortical  response  and  the  cloacal  bacterial  load  of  goldfinches  wintering  in 
southwestern  Virginia.  Most  birds  demonstrated  a  significant  increase  in  corticosterone  secretion 
with  handling  time,  but  there  were  no  sex-related  differences  in  energetic  condition,  the 
adrenocortical  response  to  stress,  or  density  of  cloacal  bacterial.  When  data  from  the  sexes  were 
combined,  the  magnitude  of  the  adrenocortical  response  and  the  proportion  of  different  cloacal 
bacteria  present  appeared  to  change  by  sampling  month.  However,  because  birds  were  not  sampled 
repeatedly,  these  data  are  intriguing  but  do  not  provide  clear  explanation  for  the  unbalanced  sex  ratio 
seen  in  American  Goldfinches. 


CROSS-SPECIES  AMPLIFICATION  USING  MICROSATELLITE  MARKERS  IN  AMERICAN 
GOLDFINCHES  {CARDUELIS  TRISTIS)  AND  YELLOW  WARBLERS  {DENDROICA 
PETECHIA).  Alisha  N.  Tucker,  Rebecca  L.  Beach  &  C.  Morgan  Wilson,  Department  of  Biology, 
Hollins  University,  Roanoke,  VA  24020.  Molecular  analysis  of  genetic  variation  can  provide  clarity 
in  cases  where  species  are  divided  into  multiple  subspecies  and  where  species  designations  are  not 
widely  agreed  upon.  The  American  Goldfinch  (C.  tristis)  is  currently  divided  into  at  least  two 
subspecies,  and  the  Yellow  Warbler  {D.  petechia)  has  been  divided  into  three  groups  composed  of 
43  subspecies.  Microsatellites  have  become  widely  used  as  genetic  markers  in  studies  of  natural 
populations  since  they  often  show  a  high  degree  of  polymorphism.  Using  polymerase  chain  reaction, 
cross-species  amplification  of  two  passerine  loci,  FhU2  and  HrU5,  were  investigated  in  separate 
populations  of  American  Goldfinches  and  Yellow  Warblers.  Results  suggested  that  individuals  were 
homozygous  for  both  of  these  loci  in  each  of  the  two  species  investigated.  While  these  results  do 
not  provide  specific  answers  about  the  two  avian  populations  studied,  the  techniques  employed  here 
may  be  further  refined  in  order  to  better  answer  questions  raised  by  current  subspecies  designations 
in  these  two  species. 


Biomedical  and  General  Engineering 

A  MULTIMODAL  INFANT  HEARING  AID,  B.  May  and  D.  Richards,  Dept  of  Biomedical 
Engineering,  VCU.  This  paper  outlines  the  preliminary  research  and  prototype  development  of  a 
multimodal  hearing  aid  for  infants  with  conductive  or  sensorineural  hearing  loss.  The  unit  is  unique 
in  that  it  presents  information  to  the  user  through  both  vibrotactile  and  bone  conduction  channels, 
while  being  self  contained  in  a  durable,  lightweight  head-mounted  apparatus.  This  provides  a 
means  of  treatment  of  treatment  for  infants  too  young  for  implantable  devices  and  for  cases  where 
it  is  too  early  to  determine  the  exact  type  of  hearing  loss  the  individual  suffers  from.  Early  treatment 
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is  vital  in  helping  to  develop  normal  communication  skills  and  patterns,  and  the  end  goal  of  this 
research  is  to  create  a  device  that  can  provide  the  hearing  assistance  these  children  require. 

MOLECULARLY  ENGINEERED  HYDROGELS  FOR  IMPLANT  BIOCOMPATIBILITY,  Sheena 
Abraham'.  Sean  Brahim',  Anthony  Guiseppi-Elie'’ 'Center  for  Bioelectronics,  Biosensors  and 
Biochips  (C3B),  Virginia  Commonwealth  University,  Richmond,  VA  23284-3038,  USA 
^Departments  of  Chemical  Engineering  and  Emergency  Medicine,  Virginia  Commonwealth 
University,  Richmond,  VA  23284-3038,  USA.  The  biocompatibility  of  biosmart  polymer 
membranes  synthesized  from  cross-linkable  (2-hydroxyethyl  methacrylate)  (HEMA)  and 
tetraethylene  glycol  diacrylate  and  containing  different  mole-percent  polyethylene  glycol 
methacrylate  (PEGMA)  and  methacryloyloxyethyl  phosphoryl  choline  (MPC),  a  phosphoryl 
choline-containing  co-monomer,  was  investigated.  Cytotoxic  effects  of  the  polymer  gels  (cell 
viability  and  proliferation)  was  investigated  by  cultivating  human  skeletal  muscle  fibroblasts  onto 
the  gels.  The  compositions  containing  MPC  and  PEGMA  concentrations  greater  than  1.0  and  0.05 
mole%  respectively  demonstrated  good  protein  adhesion  and  cell  viability  (>90%)  of  human  muscle 
fibroblast  cells.  It  is  well  known  that  the  adsorption  of  proteins  onto  biomaterial  surfaces  modulates 
the  cellular  interaction  with  these  surfaces.  The  extent  of  adsorption  of  fluorescein  labeled  proteins 
(laminin,  collagen,  and  fibronectin)  onto  these  polymer  membrane  surfaces  was  evaluated  by 
measuring  the  resultant  fluorescence  intensity  using  a  confocal  fluorescence  scanner. 


DESIGN,  FABRICATION  AND  PERFORMANCE  EVALUATION  OF  AN  IMPEDIMETRIC 
UREASE  BIOSENSOR  FOR  UREA,  Vandana  Gupta  &  Anthony  Guiseppi-Elie,  Dept,  of  Chemical 
Engineering  and  Center  for  Bioelectronics,  Biosensors  and  Biochips  (C3B),  Virginia 
Commonwealth  University,  Richmond  VA  23284.  A  biosensor  system  for  urea,  based  on  the 
principle  of  impedimetry  and  consisting  of  a  1  kHz,  lOOmVpp  interrogator  and  a  microfabricated 
3-element  array  biochip,  is  being  developed.  The  biorecognition  layer  is  formed  in  two  formats: 
PEGylated  urease  that  is  physically  entrapped  within  a  spun-applied 
poly(hydroxyethylmethacrylate)  hydrogel  and  urease  entrapped  in  bovine  serum  albumin  and 
glutaraldehyde.  The  transducer,  a  microlithographically  fabricated  interdigitated  microsensor 
electrode  (IME)  array,  comprises  of  an  analytically  sensitive  element,  a  reference  element,  and  a 
control  element  of  gold  on  borosilicate  glass.  The  enzymatic  hydrolysis  of  urea  produces  ammonium 
and  bicarbonate  ions  that  decrease  the  impedance  of  the  hydrogel  layer  proximal  to  the  electrodes 
of  the  IME.  The  hydrogel  is  affixed  to  the  IME  transducer  via  organosilane  chemistry  performed 
on  the  borosilicate  glass  within  the  interdigit  space  of  the  IME.  The  response  of  the  biotransducer 
was  investigated  in  urea  solutions  prepared  in  1  OmM  Tris  buffer,  with  concentrations  ranging  from 
10  pM  to  5  mM. 


IMPEDIMETRIC  ELECTRONIC  NOSE  (E-NOSE),  Jerome  D.  Edmonson.  Arvind  K.  Srivastava, 
Anthony  Guiseppi-Elie,  Center  for  Bioelectronics,  Biosensors  and  Biochips,  Virginia 
Commonwealth  University,  Richmond  VA  23284.  This  project  deals  with  the  development  of  an 
electronic  model  of  biological  olfactory  system,  so  called  ‘Electronic  nose  (E-NOSE)’.  An  E-NOSE 
is  an  instrument  that  consists  of  an  array  of  chemical  sensors,  signal  processing  and  pattern 
classification.  Aim  of  this  work  is  to  design  an  advanced  and  sophisticated  E-NOSE  system  based 
on  impedimetric  response  of  an  array  of  chemical  sensors  for  the  real  time  monitoring  of  volatile 
organic  compounds  (VOC).  For  the  measurement  of  impedimetric  response  of  chemical  sensor  upon 
gas  exposure  a  pair  of  demodulating  logarithmic  amplifier  is  used  to  calculate  change  in  phase  and 
amplitude  as  chemical  fingerprints.  A  software  written  in  LAB  VIEW  allows  the  user  to  the  operate 
each  of  the  sensors  in  the  array  at  different  frequency  and  temperature  for  enhanced  sensitivity  and 
selectivity.  To  study  the  behavior  of  sensors  in  actual  field  testing,  a  simulated  experiment  can  be 
performed  by  generating  the  artificial  environment  by  mixing  as  many  as  eight  different  VOCs  at 
various  concentrations  and  flow  rates.  Impedimetric  E-NOSE  system  developed  at  C3B  promises 
applications  in  many  areas  such  as  in  medical  diagnostics  (breath  analysis),  environmental 
monitoring  (detection  of  chemical  and  biological  warfare  agents)  and  space  science  (monitoring  of 
air  quality  in  international  space  station). 
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DEVELOPMENT  OF  A  COMBINATION  CELL  DELIVERY/BIOSENSOR  CATHETER  FOR 
THE  MONITORING  OF  DOPAMINE  FROM  DIFFERENTIATED  NEURONAL  CELLS,  Shirley 
Gay*.  George  Gillies^  and  Helen  Fillmore^  'Dept  of  Biomedical  Engineering,  Virginia 
Commonwealth  Uniyersity,  ^Engineering  Mech/Aero  Engineering  Dept,  UVa,  ■'Diyision  of 
Neurosurgery,  VCU.  There  is  a  significant  loss  of  dopamine  producing  cells  in  Parkinson’s  Disease. 
Current  therapies  to  replace  these  cells  with  new  dopamine  producing  cells  haye  encountered  seyeral 
obstacles  and  recent  research  show  that  many  of  implanted  cells  undergo  apoptosis.  Our  general 
hypothesis  is  that  the  method  and  technique  of  cell  deliyery  will  affect  cell  yiability.  The  goal  of  this 
project  is  to  design  a  cell  deliyery  catheter  that  includes  a  biosensor  to  measure  catecholamine  leyels 
in  the  microenyironment.  An  in  yitro  ‘brain  like’  gel  is  used  as  the  experimental  system  into  which 
differentiated  NT2,  known  to  be  dopamine  producing  cells  are  infused.  The  cell  deliyery  catheter 
and  a  MicroC  electrode  will  be  inserted  into  the  “brain  gel”.  Electrode  readings  will  be  conducted 
eyeryday  and  changes  in  dopamine  leyels  are  recorded.  Following  ‘proof  of  principle’  experiments, 
we  will  prepare  for  trials  in  an  in  yiyo  rodent  model. 


CONTACT  AND  BULK  RESISTANCE  OF  POLYPYRROLE-BASED  CHEMICAL  SENSORS, 
Shruti  A.  Manek.  Aryind  Sriyastaya  and  Anthony  Guiseppi-Elie,  Dept  of  Chemical  Engineering  and 
Center  for  Bioelectronics,  Biosensors  and  Biochips  (C3B),  Virginia  Commonwealth  Uniyersity, 
Richmond,  VA.  The  purpose  of  this  work  was  to  inyestigate  the  difference  in  contact  and  bulk 
resistances  of  Polypyrrole  on  4  sets  of  Independently  Addressable  Microelectrodes  (lAME’s) 
modified  in  different  ways  to  determine  the  method  of  modification  resulting  in  the  least  resistance. 
The  glass  substrate  of  all  4  of  the  lAME’s  was  salinized  with  N-(3-trimethoxysilylpropyl)  pyrrole 
for  adhesion  of  the  polypyrrole  on  to  the  deyice.  The  gold  surfaces  of  2  of  the  sets  of  lAME’s  were 
modified  with  2  different  kinds  of  thiol  groups:  2-aminoethanethiol  and  Amino- 1-undecanethiol, 
Hydrochloride.  The  platinum  and  the  remaining  gold  lAME  were  left  unmodified.  Polypyrrole  was 
then  electrodeposited  on  the  electrodes  to  form  the  resistiye  Polypyrrole-based  chemical  sensors.  4- 
point  probing  (for  bulk  resistance)  and  2-point  probing  (for  contact  resistance)  were  performed  on 
these  sensors.  In  both  cases,  the  unmodified  gold  electrodes  resulted  in  the  least  resistance.  These 
sensors  were  then  exposed  to  Butanol  and  MIAK  and  their  responses  were  obseryed.  Once  again, 
the  unmodified  gold  electrode  demonstrated  the  least  resistance  and  most  sensitiyity;  howeyer  this 
sensor  took  the  longest  to  refresh  itself  in  the  presence  of  nitrogen. 


CARTILAGE  BENEATH  A  PROTECTIVE  LAYER:  IMPLICATIONS  FOR  TISSUE 
ENGfNEERING,  John  R.  Owen'.  &  Jennifer  S.  Wayne'"^  'Department  of  Orthopaedic  Surgery,  and 
^Department  of  Biomedical  Engineering,  Virginia  Commonwealth  Uniyersity,  Richmond,  VA 
23298.  Tissue  engineered  constructs  with  normal  zonal  characteristics  and  material  properties  of 
articular  cartilage  throughout  its  thickness  haye  yet  to  be  produced  for  repair  of  defects  on  articular 
surfaces.  Such  transplanted  scaffolds  in  yiyo  may  be  doomed  mechanically  from  the  outset  without 
material  properties  of  sufficient  quality.  The  importance  of  the  superficial  tangential  zone  (STZ) 
in  supporting  axial  loads  and  retaining  fluids  has  been  shown.  This  study  models  the  STZ  with  a 
preferred  direction  parallel  to  the  articulating  surface,  thereby  simulating  a  “split-line”  direction. 
Normal  and  repairing  defects  are  modeled  with  the  importance  of  the  STZ  emphasized.  Compared 
to  normal  cartilage,  repaired  defects  without  a  normal  STZ  experienced  a  228%  increase  in  axial 
deformation  and  a  194%  increase  in  the  rate  of  fluid  loss,  whereas  inclusion  of  a  normal  STZ  oyer 
the  repair  area  resulted  in  only  a  57%  increase  in  both  parameters.  These  findings  support  the 
hypothesis  that  transplanted  material  with  a  quality  STZ  may  be  critical  in  proyiding  a  suitable 
mechanical  enyironment  needed  in  the  repairing  region  to  achieye  the  long-term  suryiyal  of 
repairing  cartilage. 


PROXIMAL  HUMERAL  FRACTURES:  COMPARISON  OF  FIXATION  METHODS,  J.M. 
laqumtp',  J.S.  Wayne'’^  &  N.D.  Boardman^  'Department  of  Biomedical  Engineering  and 
^Department  of  Orthopaedic  Surgery,  Virginia  Commonwealth  Uniyersity,  Richmond  VA  23298. 
Proximal  humeral  fractures  account  for  4-5%  of  all  fractures  and  are  treated  in  a  yariety  of  ways 
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including  sutures,  k-wires,  percutaneous  pinning,  fixation  plates,  and  intramedullary  rods.  The  goals 
of  this  study  were  to  examine  the  mechanical  environment  within  two  fractured  humerus/fixation 
plate  constructs  under  load  and  to  compare  the  stress/strain  results  between  the  two  fixation  plates 
and  to  clinical  failure  modes.  Three-dimensional  solid  models  of  the  constructs  were  created  with 
SolidWorks  2004  and  finite  element  analysis  performed  in  COSMOS  2004.  Two  common  fixation 
plates  were  evaluated  -  the  Blade  Plate  and  the  Locking  Compression  Plate  (TCP).  The  Blade  Plate, 
which  clinically  tends  to  loosen  or  cut  out  of  the  humeral  head,  showed  above  failure  stress  around 
the  blade  and  screws.  This  indicates  that  after  some  degree  of  loosening  the  blade  is  in  danger  of 
cutting  out.  The  LCP,  which  has  been  known  to  break  as  well  as  loosen,  was  supported  in  these 
failure  modes  by  stress  generated  in  the  plate  at  the  humeral  fracture  site  as  well  as  around  the 
screws.  The  theoretical  support  via  these  finite  element  analyses  for  clinical  findings  provide  a 
methodology  which  to  base  design  improvement. 


DETECTION,  IDENTIFICATION  AND  CLASSIFICATION  OF  SUCK,  SWALLOW  AND 
BREATHING  ACTIVITY  IN  PREMATURE  INFANTS  DURING  BOTTLE-FEEDING,  Fedra 
Adnani.  P.A.  Wetzel  and  R.H.  Pickier,  'Dept,  of  Biomedical  Engineering,  “School  of  Nursing, 
Virginia  Commonwealth  University.  Prematurity,  especially  if  extreme,  is  one  of  the  leading  causes 
of  problems  and/or  death  after  delivery.  The  various  systems  and  organs  of  the  premature  infant’s 
body  are  not  yet  fully  developed,  as  a  result  the  premature  infant  will  often  require  specialized  care 
in  a  nursery.  Among  all  the  problems  encountered  by  premature  infants,  feeding  difficulties  are  very 
common.  Many  premature  infants  are  fed  intravenously  at  first,  and  they  progress  to  milk  feedings 
provided  by  a  tube  passed  into  the  stomach.  At  around  34  weeks  of  gestation,  premature  infants 
should  be  able  to  breastfeed  or  take  a  bottle.  At  the  same  time  such  premature  infants  are  usually 
faced  with  difficulty  making  the  transition  from  tube-feeding  to  full  oral  feeding.  The  goal  of  this 
study  is  to  develop  a  set  of  algorithms  to  detect,  identify  and  classify  five  physiological  measures; 
heart  rate,  respiratory  rate,  oxygen  saturation,  sucking  and  swallowing  activities.  The  results  of  this 
study  will  be  used  to  predict  the  readiness  of  a  premature  infant  for  introduction  to  oral  feeding.  In 
this  study,  several  signal  processing  approaches  (neural  networks,  wavelet  analysis,  expert  systems 
and  genetic  algorithms)  are  used  as  complementary  elements  of  a  general  data  processing  system, 
taking  advantage  of  the  synergy  between  them  such  that  quality  of  one  method  compensates  for  the 
disadvantages  of  another. 


DEEP  BRAIN  STIMULATION  IN  PATIENTS  WITH  PARKINSON’S  DISEASE,  H.J.Green'-^: 
M.S.Baron^  '';  P.A.  Wetzel'’"';  K.Holloway^  "*. 'Department  of  Biomedical  Engineering,  VCU;  ^Adult 
Neurology,  VCU  Medical  Center;  -^Neurosurgery,  VCU  Medical  Center;  Parkinson’s  Disease 
Research,  Education,  and  Clinical  Center  (PADRECC),  McGuire  VA  Medical  Center.  With  the 
incidence  of  Parkinson's  disease  increasing,  a  more  extensive  range  of  treatment  options  are 
available,  including  medication  and  surgical  treatment.  Medication  therapy  may  produce 
debilitating  side  effects  or  wear  off  as  time  progresses.  One  surgical  therapy  is  Deep  Brain 
Stimulation  (DBS)  where  stimulators  are  placed  in  the  Sub-Thalamic  nucleus  (STN)  or  the  internal 
segment  of  the  Globus  Paladus  (GPi).  After  surgery  programming  of  the  stimulators  takes  months. 
There  are  several  parameters  which  can  independently  be  adjusted.  Training  personnel  to  fine  tune 
these  settings  is  imperative  to  patient  training.  An  examination  of  the  programmer  that  is  currently 
in  use  shows  some  strengths  and  some  areas  for  improvement. 


EFFECT  OF  PARKINSON'S  DISEASE  AND  TREATMENT  ON  HEAD  AND  EYE 
MOVEMENTS  IN  PATIENTS,  Mvo  Thwin  Mvint'.  P.  A.  Wetzel'  &  V.  P.  Calabrese^,  'Department 
of  Biomedical  Engineering  and  ^Division  of  Adult  Neurology,  Virginia  Commonwealth  University, 
Richmond,  VA.  Parkinson’s  disease  (PD)  is  a  progressive  neurological  movement  disorder  caused 
by  loss  of  dopamine  in  the  brain  resulting  in  tremor,  rigidity  of  movements,  and  reduced  motor 
control.  The  disease  also  appears  to  influence  the  control  of  eye  and  head  movements,  which  can 
impact  quality  of  life.  To  investigate  the  progressive  effects  of  PD,  head  and  eye  movements  were 
recorded  at  120  times  per  second  following  the  clinical  examinations.  A  total  of  15  patients  and  9 
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aged  matched  controls  participated  in  this  study.  The  participants  were  asked  to  perform  tasks  in  eye 
fixation,  smooth  pursuit  with  eye,  and  head  and  eye  movement  compensation.  The  analyzed  data 
were  also  correlated  against  Unified  Parkinson’s  Disease  Rating  Scale  Motor  Section  score.  The 
early  analysis  showed  that  eye  tremor  appeared  to  precede  head  tremor  and  episodes  of  tremor  were 
observed  in  both  horizontal  and  vertical  eye  movements.  The  head  and  eye  movements  of  PD 
patients  appeared  less  stable  than  the  control  group.  This  study  was  funded  in  part  by  Emerging 
Technologies  Research  Grant  by  Virginia  Commonwealth  University. 


ON  THE  USE  OF  THE  LEAST  MEAN  SQUARE  (LMS)  ALGORITHM  FOR  SPEECH 
PROCESSING  APPLICATIONS,  Mary  Evans  &  Gihan  Mandour,  Department  of  Physics, 
Computer  Science  and  Engineering,  Christopher  Newport  University,  Newport  News,  VA  23606. 
Speech  is  the  most  natural  and  efficient  manner  of  communication  today.  However,  there  are 
problems  when  speech  is  being  transferred  from  one  person  to  another  person.  The  problems  can 
be  static  existing  in  a  cellular  phone  or  background  noise  in  a  crowded  room,  recognizing  single- 
or  multi  speakers,  or  speakers  with  different  accents  of  speech  problems.  The  goal  of  any  speech 
recognition  technology  is  to  be  robust  to  environmental  noise,  intelligent,  and  a  fluently  conversant 
machine.  The  objective  of  this  research  is  to  use  the  Least  Mean  Square  (LMS)  algorithm  adaptive 
filtering  technique  to  reduce  noise  in  speech  signals.  This  research  will  investigate  the  effect  of 
single  tone  noise  (sinusoidal  noise  signal)  and  random  noise  on  speech  signal  enhancement.  The 
LMS  algorithm  is  widely  used  because  of  its  simplicity,  ease  of  computation  and  its  ability  not  to 
use  any  off-line  gradient  estimations  or  repetitions  of  data.  Results  show  the  effect  of  noise 
frequency  and  amplitude  on  the  output  speech  signal  for  the  sinusoidal  noise  case  and  the  effect  of 
random  noise  on  the  output  speech  signal  frequency  spectrum. 


ON  THE  USE  OF  QUASI-OPTIMAL  BOUNDING  ELLIPSOID  (QOBE)  ALGORITHM  IN 
CLASSIFICATION  PROBLEMS,  Timothy  Kraus  and  Gihan  Mandour,  Department  of  Physics, 
Computer  Science  and  Engineering,  Christopher  Newport  University,  Newport  News,  VA  23606. 
Many  digital  signal  processing  (DSP)  applications  require  parametric  signal  models.  Linear-in¬ 
parameters  systems  form  a  broad  class  of  models  that  has  been  extensively  investigated.  The  quasi- 
optimal  bounding  ellipsoid  (QOBE)  algorithm  is  a  member  of  the  set  membership  (SM)  algorithms 
that  are  used  to  identify  linear-in-parameters  system  models.  QOBE  algorithms  are  distinguishable 
by  their  ability  to  selectively  use  the  incoming  data  to  minimize  an  ellipsoid  that  bounds  the  solution 
set.  They  have  emerged  as  potential  candidates  in  many  digital  signal  processing  applications  for 
their  efficiency  in  estimating  the  parameter  set  of  an  unknown  system.  In  general,  no  knowledge 
of  the  statistics  of  either  the  model  or  the  observations  is  assumed.  However,  the  uncertainty  is 
constrained  with  some  bounded  energy  or  bounded  magnitude.  In  this  work  we  investigate  the  use 
of  QOBE  in  classification  of  speech  vowels  based  on  the  formant  resonance  frequencies  that 
characterizes  them.  The  database  consists  of  vowels  sounds  spoken  by  different  speakers  and  by 
using  an  autoregressive  (AR)  model  we  classify  frames  of  speech  data  into  one  of  the  vowel  sounds. 


CHANGES  IN  DOMINANT  FREQUENCY  DOMAINS  PRIOR  TO  SPONTANEOUS 
TERMINATION  OF  VENTRICULAR  FIBRILLATION,  S.E.  Joel  and  P.W.  Hsia,  Department  of 
Biomedical  Engineering,  Virginia  Commonwealth  University.  Unlike  in  larger  and  older  animals 
ventricular  fibrillation  (VF)  in  smaller,  younger  animals  spontaneously  terminates.  Study  of 
spontaneous  termination  of  VF  (STVF)  might  throw  light  on  maintenance  of  VF,  which  is  under 
much  debate.  Zero-padded  fast  Fourier  transform  was  used  to  extract  high  precision  dominant 
frequency  (HPDF)  maps  from  optical  maps  of  STVF  in  isolated  rabbit  hearts  (100x100  pixels  per 
frame,  256  frames/s,  n=5).  187  non-overlap  1 -second  VF  segments  and  25  HPDF  videos  were 
analyzed  in  terms  of  spatial  and  temporal  distributions  of  the  dominant  frequency  (DF)  domains  on 
several  epicardial  regions.  LV  apex  (LVA)  had  the  highest  DF  values  (8.1810.93  Hz,  p<0.001) 
compared  to  other  regions.  The  high  DF  domain  in  the  LVA  vanished  prior  to  spontaneous 
termination  of  VF  (p<0.001).  LVA  mean  DF  dropped  significantly  (p<0.001)  prior  to  termination 
while  other  regions  of  the  heart  showed  small  or  no  significant  change  in  DF.  ZPFFT  based  HPDF 
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maps  analysis  in  this  model  showed  the  disappearance  of  the  highest  frequency  DF  domain  as  the 
primary  mechanism  of  STVF.  The  vanishing  highest  DF  domain  prior  to  STVF  is  consistent  with 
the  mother  rotor  hypothesis. 

RAPID  AND  ACCURATE  ASSESSMENT  OF  AORTIC  STIFFNESS,  Xianzhi  Shao'.  Dingyu  Fei' 
and  Kenneth  A.  KrafC,  'Dept  of  Biomedical  Engineering  and  ^Dept.  of  Radiology,  Virginia 
Commonwealth  Univ.,  Richmond  VA  23298.  Aortic  stiffening  has  substantial  clinical  significance 
and  has  recently  been  assessed  non-invasively  via  pulse  wave  velocity  (PWV)  using  MR.  To 
improve  accuracy  and  efficiency,  a  novel  MR  method  with  high  temporal  resolution  (2  ms)  and 
shorter  total  measurement  time  (140  ms)  is  presented.  This  is  accomplished  by  applying  a  single  RF 
comb  excitation  to  the  descending  thoracic  aorta  to  tag  multiple  sites,  followed  by  an  oscillating 
frequency  encoding  gradient  to  track  fluid  motion.  A  PC-based  software  package  facilitates  data 
analysis  by  constructing  position- versus-time  flow  images,  which  show  curvilinear  flow  trajectories 
corresponding  to  fluid  motion  at  each  of  the  tagged  positions.  The  PWV  can  be  reliably  calculated 
by  curve-fitting  these  trajectories  to  a  model.  Validation  experiments  in  compliant  latex  tubes  were 
carried  out  to  verify  accuracy  of  derived  PWV.  Compared  to  another  MR  method  previously 
developed  in  our  laboratory,  in  vivo  experiments  show  the  new  method  to  have  improved  temporal 
resolution  and  enhanced  ability  to  extract  PWV  from  subjects  exhibiting  low  peak  flow  velocity 
such  as  the  elderly  or  those  with  impaired  cardiac  function. 


Botany 

ISOLATION  AND  INITIAL  CHARACTERIZATION  OF  HEXOSE  TRANSPORTER  T-DNA 
INSERTION  MUTANTS  OF  ARABIDOPSIS  THALIANA.  Angela  Whetzel  &  Janet  Daniel,  Dept, 
of  Biol.,  James  Madison  Univ.,  Harrisonburg,  VA  22807.  The  purpose  of  our  study  is  to  isolate 
homozygous  knockout  mutants  in  Arabidopsis  thaliana,  for  two  highly  related  sugar  transport 
proteins,  STPl  and  STP12.  DNA  was  harvested  from  two  T-DNA  insertion  mutants  for  STPl  and 
STP12  and  genotyped  by  PCR.  Of  the  plants  that  produced  seeds,  four  were  heterozygous  for  the 
STPl  gene  deletion  and  five  were  heterozygous  for  the  STPl 2  gene  deletion.  Seeds  from  the 
heterozygote  plants  were  collected  and  planted.  In  contrast  to  what  is  published,  we  have  observed 
qualitative  differences  in  the  germination  and  survival  rates  between  the  STPl  knockout  and  wild- 
type  plants.  In  order  to  better  characterize  the  differences  between  genotypes,  stem  height,  leaf 
length  and  shoot  height  and  genotype  were  assessed  on  the  seedlings  from  the  heterozygote  plants. 
Two  homozygous  knockout  STPl  plants  have  been  identified  through  PCR.  Results  will  be 
presented  describing  the  phenotypic  characteristics  of  each  genotype.  We  are  continuing  to  screen 
and  identify  homozygous  knockouts  for  STPl  and  STPl 2.  Our  preliminary  observations  suggest 
that  STPl  may  play  an  as  of  yet  undetermined  role  in  germination  and  early  plant  growth. 


THE  GENETIC  EXPRESSION  OF  THE  CHLOROPLAST  MATURASE  GENE,  matK.  Michelle 
M.  Barthet  &  Khidir  W.  Hilu,  Dept  of  Biol.,  Va  Polytechnic  Inst.  &  State  Univ.,  Blacksburg  VA 
24061 .  The  matK  gene  is  localized  within  the  group  II  intron  of  trnK  in  the  chloroplast  genome  of 
most  land  plants.  matK  is  approximately  1 500  bp  in  length  and  has  high  sequence  variability,  except 
for  a  strongly  conserved  region  (domain  X)  at  its  3  ’  end.  Information  from  ma^Xhas  produced  more 
robust  phytogenies  than  any  other  single  gene  and  is  only  comparable  to  5-1 1  genes  combined.  This 
has  rendered  matK  as  the  preferred  gene  in  plant  phylogenetics.  However,  high  variability  has 
suggested  to  some  that  matK  is  a  pseudogene,  a  gene  lacking  transcription  or  translation  into  a 
functional  protein.  Pseudogenes  accumulate  mutations  at  a  different  tempo  from  functional  genes, 
and  thus  are  less  reliable  in  phylogenetics.  We  demonstrated  that  matK  transcription  occurs  across 
plant  lineages,  rejecting  the  hypothesis  that  matK  is  a  pseudogene  by  lack  of  transcription.  We  have 
also  elucidated  the  size  of  this  transcript  and  its  pattern  of  transcription  throughout  development. 
This  work  supports  matK  as  a  functional  gene  and  a  reliable  tool  for  plant  systematics.  (Supported 
by:  The  Virginia  Academy  of  Science,  Sigma  Xi  Grant-in- Aid  of  Research,  and  the  Graduate 
Research  Development  Project  [GRDP],  Va  Polytechnic  Inst.  &  State  Univ.). 
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AFRICAN  VIOLET  (SAINTPAULIA  RUPICOLA)  SHOOT  PRIMORDIA  ENCAPSULATION. 
Clara  Jo  Elder,  Dept,  of  Biol.,  James  Madison  Univ.,  Harrisonburg  VA  22807.  The  production  of 
synthetic  seeds  by  means  of  encapsulating  shoot  primordia  is  a  promising  method  for  mass 
propagation  of  plant  species.  Leaf  explants  of  African  violet  {Saintpaulia  rupicola)  were  cultured 
on  a  caulogenesis  medium,  and  the  shoots  produced  were  excised  and  used  in  the  production  of 
synthetic  seeds.  Shoots  were  encapsulated  in  either  2%  sodium  alginate  or  2%  sodium  alginate  to 
which  half-strength  Murashige  and  Skoog  macronutrients,  micronutrients,  and  vitamins  had  been 
added.  Encapsulated  shoots  were  then  planted  immediately  or  stored  for  seven  days  before  being 
planted.  The  shoots  were  planted  on  one  of  three  different  media,  which  were  medium-grade 
vermiculite.  Promix  BX,  and  sterile  Bacto  agar-gelled  basal  media.  The  results  of  the  study  indicate 
that  including  nutrients  in  the  encapsulation  matrix  and  planting  shoots  immediately  after 
encapsulation  are  beneficial  for  shoot  growth.  The  agar  medium  resulted  in  better  emergence, 
survival,  and  rooting  than  the  vermiculite  medium,  however  vermiculite  produced  more  usable 
plants  than  agar.  These  results  suggest  that  the  best  conditions  for  making  synseeds  that  will 
produce  usable  and  healthy  plants  are  to  encapsulate  in  alginate  containing  nutrients  and  plant  onto 
vermiculite  immediately  after  encapsulation. 


ANTIOXIDANT  CONTENT  IN  FRESH  AND  PROCESSED  TOMATO  FRUITS.  Michael  H. 
Renfro e  &  Jessica  R.  Montgomery,  Dept.  Biol.,  James  Madison  Univ.,  Harrisonburg  VA  22807. 
Dietary  antioxidants  are  important  for  disease  prevention  in  humans.  We  investigated  the  antioxidant 
content  of  tomatoes,  both  fresh  and  processed,  to  determine  if  variations  in  antioxidant  content  were 
present.  Antioxidants  were  measured  using  a  hydrophilic  antioxidant  assay  based  on  enzymatically 
generated  ABTS  (2,2'-azino-bis-(3-ethylbenzthiazonline-6-sulfonic  acid))  radicals  and  their 
decoloration  in  the  presence  of  antioxidants.  Buffered  extracts  were  prepared  from  fresh,  frozen  and 
processed  tomatoes.  Liquid  drained  from  thawed  tomatoes  and  from  canned  tomatoes  was  also 
analyzed  for  antioxidant  content.  Finally,  tomato  paste  was  extracted  and  analyzed  for  antioxidant 
content.  Significant  differences  in  antioxidant  content  were  found  between  tomato  cultivars  and 
among  the  various  processed  states.  Tomato  paste  contained  the  greatest  concentration  of 
antioxidants.  Grape  tomatoes  had  a  significantly  greater  concentration  of  antioxidants  than  canned 
whole  tomatoes,  which  were  no  different  than  fresh  or  frozen  Roma  tomatoes.  Freezing  and  thawing 
did  not  significantly  change  the  antioxidant  concentration  in  the  tissue.  These  results  should  help 
our  understanding  of  the  dietary  and  health  implications  of  various  food  preparation  techniques. 


PRELIMINARY  PHYLOGENETIC  ANALYSIS  OF  BERLANDIERA  (ASTERACEAE)  BASED 
ON  ITS  AND  ETS  SEQUENCE  DATA.  Jennifer  A.  Clevinger.  Curtis  C.  Clevinger  &  Michael  J. 
Surace,  Department  of  Biology,  James  Madison  University,  Harrisonburg,  VA  22807.  Berlandiera, 
commonly  known  as  green-eyes,  belongs  to  the  sunflower  family  (Asteraceae)  and  is  found 
throughout  the  southern  United  States  and  northern  Mexico.  Of  particular  interest  is  Berlandiera 
pumila  which  is  a  disjunct  found  in  the  southeastern  and  the  southwestern  United  States.  The 
southeastern  populations  overlap  with  Berlandiera  subcaulis  which  is  purported  to  hybridize  with 
Berlandiera  pumila.  Phylogenetic  relationships  were  examined  using  DNA  sequence  data  from  the 
internal  transcribed  spacer  (ITS)  region  and  the  external  transcribed  spacer  (ETS)  region. 
Preliminary  phylogenetic  analysis  suggests  that  the  disjunct  populations  of  Berlandiera  pumila  form 
a  monophyletic  group  together  with  Berlandiera  subcaulis.  Analysis  also  indicates  that  the 
southwestern  Berlandiera  lyrata  is  basal  to  the  other  members  of  the  genus.  A  chloroplast  marker 
will  be  added  to  this  data  set  in  the  future  to  further  resolve  the  relationships. 


THE  FLORA  OF  VIRGINIA  PROJECT:  A  2003-2004  UPDATE.  Marion  B.  Lobstein.  Dept,  of 
Biology,  Northern  Virginia  C.C.,  Manassas,  VA  22205.  Virginia,  for  its  landmass,  has  the  most 
diversity  of  species  of  vascular  plant  of  any  state  in  the  United  States.  It  had  the  first  flora,  the  Flora 
Virginica  in  1 739  yet  does  not  have  a  modern  flora.  The  Virginia  Academy  of  Science  for  over  fifty 
years  has  supported  efforts  to  produce  a  modem  Flora  of  Virginia.  In  2001  the  Foundation  of  the 
Flora  of  Virginia,  Inc,  (FFVP)  was  formed  in  2001  and  in  May  2002  received  501(c)(3)  status. 
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Additional  members  of  FFVP  Board  of  Directors  have  been  added  to  broaden  the  base  of  support 
for  this  Project.  Alan  Weakley,  who  will  be  the  first  author  of  the  Flora  is  under  contract  and  work 
on  the  first  dichotomous  keys  modified  for  Virginia  species  is  moving  forward.  Progress  continues 
to  be  made  on  the  efforts  to  develop  a  Flora  of  Virginia  including  fund-raising  and  public  outreach 
efforts.  Work  on  the  content  of  the  Flora  of  Virginia  including  the  first  300  illustrations  have  been 
commissioned,  completed,  and  funded  by  VAS  funds.  Preliminary  work  on  species  descriptions  has 
begun  with  involvement  of  the  Flora  Advisory  Board  and  other  interested  individuals.  Efforts  of  the 
FFVP  to  develop  a  modem  Flora  of  Virginia  by  2010  have  taken  root  and  continue  to  make 
substantial  progress. 


A  PRELIMINARY  TREATMENT  OF  THE  GREENBRIARS  (SMILAX:  SMILACEAE)  IN 
VIRGINIA.  Robert  A.  S.  Wright,  Wetland  Studies  and  Solutions,  Inc.,  14088  Sullyfield  Circle, 
Chantilly,  VA  20151.  Asa  contribution  to  the  Flora  of  Virginia  Project,  a  preliminary  treatment  has 
been  initiated  and  is  planned  to  be  completed  by  winter  2004.  Traditionally,  Smilax  has  been 
segregated  into  two  subgenera  (sections),  correlative  to  anatomical  and  morphological  differences 
(herbaceous  versus  woody  tissue).  In  addition  to  personal  field  and  herbarium  investigations  in 
Smilax  since  1988,  using  21  collective  references  (manuals,  floras,  graduate  studies,  and  specialty 
documents),  the  treatment  presented  recognizes  four,  possibly  five  taxa  in  the  herbaceous  Section 
Coprosmanthus  (Nemexia),  and  seven  taxa  in  the  woody  Section  China  (Smilax/Eusmilax).  Some 
taxonomic  and  distributional  problems  exist,  primarily  due  to  recent  clarification/interpretations  in 
both  Sections.  Other  problems  are  related  to  the  uncertain  historical  and  present  status  of  one  rare 
entity  (Sereno  Watson’s  S.  ecirhata),  three  taxa  which  are  not  conclusively  verified,  but  are 
reported/mapped  in  the  literature  for  VA  {S.  biltmoreana,  S.  lasioneura,  S.  hugeri),  and  one  taxa  {S. 
smallii),  that  may  be  extirpated.  Additional  problems,  related  to  future  field,  herbarium,  and 
distribution  mapping  work,  are  presented  for  future  planning,  discussion,  and  ultimate  resolution. 


CHARLIE  BEAM,  PIONEER  HOOSIER  BOTANIST.  R.  Dean  Decker,  Dept,  of  Biol,  (retired), 
Univ.  Richmond.  Charles  demon  Beam  (1864-1953)  was  born  in  Wells  County,  Indiana  where  he 
spent  his  entire  life.  At  age  28,  C.  Beam  became  part  owner  of  a  drug  store  in  Bluffton.  To  relieve 
stress,  Charlie  and  his  wife,  Stella,  began  collecting  plants,  eventually  amassing  a  personal 
herbarium  of  more  than  73,300  specimens  which  are  now  housed  at  Indiana  University.  He 
modified  a  car  into  a  truck  to  facilitate  his  collecting  needs.  His  botanical  work  led  him  to  become 
the  first  “state  forester”.  In  this  position  he  began  the  establishment  of  state  parks  and  forest 
preserves  on  farms.  His  work  also  moved  him  into  the  academic  world  of  botanist  of  Indiana, 
Michigan,  and  Harvard  among  others.  He  was  a  prominent  member  of  the  Indiana  Academy  of 
Science.  He  wrote  the  Trees  of  Indiana,  Shrubs  of  Indiana,  and  Grasses  of  Indiana  but  his  greatest 
achievement  was  the  Flora  of  Indiana  (1940)  completed  when  he  was  in  his  70’s.  At  the  time  of 
publication,  Flora  of  Indiana  was  the  most  extensive  state  flora  to  date  and  it  found  use  throughout 
the  Midwest  for  many  years.  It  became  a  model  for  other  state  floras.  Late  in  life  he  received  two 
honorary  doctorates,  one  from  Depauw  University  where  he  spent  two  years,  and  the  other  from 
Indiana  University.  Despite  his  many  accomplishments^,  Charlie  Beam  considered  himself  as  “Plain 
Old  Charlie  Beam.” 


SECONDARY  XYLEM  OF  DALECHAMPIA  (EUPHORBIACEAE).  T.  Kostadinov,  S.  M. 
Hayden,  &  W.  J.  Hayden.  Dept,  of  Biol.,  Univ.  Richmond,  Richmond,  VA  23173.  The  genus 
Dalechampia  consists  of  ca  1 00  species  of  slender-stemmed  lianas  or  decumbent  to  erect  subshrubs 
with  distinctive  bibracteate  pseudanthial  inflorescences.  The  genus  is  poorly  represented  in  xylaria 
and  its  wood  is  little  known.  We  studied  greenhouse-grown  stem  samples  of  seven  species. 
Although  primary  bundles  are  bicollateral,  secondary  xylem  is  continuous  and  lacks  anomalous 
structure  except  for  furrowed  xylem  and  interxylary  phloem  in  D.  volubilis.  Lianous  species 
produce  a  ring  of  fiber-dominated  tissue  in  earliest  stages  of  secondary  growth.  Vessel  pattern  is 
mostly  solitary  or  clustered  and  fibriform  vessels  are  frequent  within  vessel  clusters.  Perforations 
are  simple.  Intervessel  and  vessel-ray  pits  are  circular  to  elliptical  and  alternate.  Tyloses  are 


34 


VIRGINIA  JOURNAL  OF  SCIENCE 


present,  sometimes  with  druses  or  prismatic  crystals.  Moderately  thick-walled,  non-septate 
libriform  wood  fibers  constitute  the  groundmass.  Axial  parenchyma  includes  paratracheal  and 
banded  patterns.  Rays  are  mostly  uniseriate  but  some  2-  or  3-seriate  rays  are  present  in  most  species 
and  larger  rays,  up  to  ten  cells  wide,  occur  intermixed  with  narrow  rays  in  D.  stipulacea.  Rays  are 
dominated  by  square  and  upright  cells.  No  laticifers  were  observed  in  any  tissue  of  any  species 
studied.  Earlier  reports  of  laticifers  in  Dalechampia  derive  from  a  single  mis-identified  xylarium 
specimen. 


GENOMIC  RELATIONS  IN  ARACHIS  SECTION  ARACHIS  (FABACEAE).  Sheena  A.  Friend*. 
Khidir  W.  Hilu*,  Dietmar  Quandt',  Shyamalyrau  P.  Tallury’  &  Harold  T.  Stalker,^  'Department  of 
Biology,  Virginia  Tech,  Blacksburg,  VA,  24060,  and  ^North  Carolina  State  University,  Raleigh,  NC 
27695.  Section  Arachis  contains  the  largest  number  of  wild  species  in  Arachis  as  well  as  the 
economically  important  peanut  crop.  The  species  in  section  Arachis  have  been  assigned  genomes 
based  on  cytogenetic  studies.  However,  the  genomic  relationships  of  the  three  genomes  in  section 
Arachis,  A,  B  and  D,  are  not  fully  understood.  Ten  recently  identified  species  were  also  tested  to 
identify  their  genomic  identity  by  creating  hybrids  with  tester  species  for  the  A  and  B  genomes. 
From  chromosomal  association  A.  herzogoii,  A.  kempff-mercadoi  and  A.  kuhlmanni  are  A  genome 
species  and  A.  cruziana  and  A.  hoeheni  are  B  genome  species.  From  the  trnT-¥  sequence 
information,  a  phylogenetic  tree  showed  the  A  genome  was  more  distantly  related  to  the  B  and  D 
genomes.  In  the  AFLP  analysis,  the  genotypes  of  A.  hypogaea  formed  a  tight  cluster,  indicating  the 
low  genetic  diversity  in  the  peanut  crop.  (Sources  of  funding:  Virginia  Academy  of  Science, 
American  Peanut  Research  and  Education  Society,  and  Virginia  Agricultural  Experiment  Station, 
Hatch  Project) 


A  REAPPRAISAL  OF  THE  NEUSTON  COMMUNITY  IN  FRESHWATER  AND  MARINE 
HABITATS.  Harold  G.  Marshall'  &  Lubomira  Burchardf,  'Dept.  Biological  Sciences,  Old 
Dominion  University,  Norfolk,  VA,  23529-0266,  and  ^Dept.  Hydrobiology,  Adam  Mickiewicz 
University,  Poznan,  Poland.  The  neuston  includes  organisms  associated  with  the  surface  layer  of 
aquatic  habitats,  and  is  divided  into  the  epineuston  and  hyponeuston  categories  that  include  algal 
and  faunal  taxa.  Controversy  has  developed  regarding  the  hyponeuston  composition  and  its  depth 
in  the  water  column.  Pre-determined  depths  a  priori  according  to  collection  devices  used  are 
questionable  and  not  applicable  to  composition  changes  that  occur  diurnally  and  seasonally  at  a  site. 
The  authors  support  the  neuston  definition,  and  that  the  epineuston  refers  to  those  organisms  living 
upon  the  surface  film,  including  transient  species  that  can  move  across  its  surface,  but  we  define  the 
hyponeuston  as  organisms  living  directly  below  the  surface  film,  to  a  depth  where  a  statistically 
significant  different  representation  (composition  and  abundance)  of  biota  would  occur  with 
increasing  depth.  This  community  may  contain  transient  species  coming  from  the  plankton  or 
benthos  (e.g.  phytoplankton,  zooplankton,  etc.).  Results  from  a  series  of  vertical  measurements  of 
these  populations  would  indicate  the  range  and  variable  location  and  separation  of  hyponeuston 
components  from  the  plankton  biota. 


EVOLUTION  OF  CHLOROPLAST  matK  PSEUDOGENES  IN  THE  SUBTRIBE  AERIDINAE 
(ORCHIDACEAE).  Bridget  A.  Robinson  &  David  C.  Jarrell.  Dept,  of  Biol.  Sci.,  Mary  Washington 
College,  Fredericksburg,  VA  22401.  The  chloroplast  matK  gene  putatively  encodes  a  RNA 
maturase  which  functions  to  remove  specific  group  II  introns  prior  to  translation.  Aeridinae 
pseudogenes  were  previously  identified  in  a  monophyletic  group  of  four  genera.  Non-triplet 
deletions  apparently  eliminate  production  of  a  functional  MATK  protein.  Increased  sampling  has 
identified  new  pseudogene-containing  taxa.  Preliminary  phylogenetic  analysis  suggested  a 
polyphyletic  origin  of  the  pseudogenes.  Future  scoring  of  deletions  as  binary  characters  may 
establish  pseudogene  monophyly.  Several  pseudogene  origin  hypotheses  will  be  discussed.  We  have 
begun  by  testing  for  the  loss  of  MATK-dependent  introns  using  PCR.  Intron  loss  would  result  in  a 
significantly  shorter  PCR  product.  To  date,  the  two  tested  introns  are  present  in  all  taxa.  Continued 
testing  will  determine  the  status  of  the  remaining  introns.  Forthcoming  results  from  researchers  at 
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Virginia  Tech  studying  the  expression  of  matK  in  a  wide  range  of  plants  including  several  taxa  with 
matK  pseudogenes  may  enable  assessment  of  other  hypotheses.  This  work  was  supported  by 
undergraduate  research  grants  from  the  Virginia  Academy  of  Sciences  and  Mary  Washington 
College  and  the  MWC  Summer  Science  Program. 


PHYTOGENY  OF  PHALAENOPSIS  (ORCHID ACEAE)  USING  MULTIPLE  CHLOROPLAST 
GENES.  Brian  M.  Janelsins  &  David  C.  Jarrell,  Dept,  of  Biol.  Sci.,  Mary  Washington  College, 
Fredericksburg,  VA  2240 1 .  The  approximately  63  species  of  Phalaenopsis  are  found  from  southeast 
Asia  to  northern  Australia.  Phalaenopsis  classification  based  largely  upon  floral  characteristics 
divides  the  genus  into  five  subgenera.  However,  floral  characters  are  subject  to  pollinator  selection 
and,  consequently,  parallel  evolution.  Thus,  the  current  classification  scheme  may  not  reflect 
underlying  evolutionary  patterns.  This  study  hopes  to  clarify  relationships  with  DNA  sequences,  a 
source  of  information  less  likely  to  suffer  from  pollinator  selection.  The  chloroplast  DNA  sequences 
of  the  matK  gene,  accD-psal  spacer,  and  rpsl6  intron  were  obtained  from  31,  17,  and  19 
Phalaenopsis  species,  respectively,  and  analyzed  using  parsimony.  Phylogenetic  analysis  shows 
little  support  for  the  current  subgenera  but  numerous  sections  appear  to  be  monophyletic.  Further 
species  sampling,  increasing  the  length  of  sequence  for  each  region,  and  a  combined  analysis  may 
improve  resolution  and  provide  a  framework  for  altering  the  classification  scheme  to  better  reflect 
evolution.  This  work  was  supported  by  undergraduate  research  grants  from  the  Virginia  Academy 
of  Sciences  and  Mary  Washington  College  and  the  MWC  Summer  Science  Program. 


COMPARISON  OF  SCANNING  ELECTRON  MICROSCOPIC  PREPARATIONS  USED  IN  THE 
EXAMINATION  OF  PFIESTERIA-LIKE  DINOFLAGELLATES.  Slawomir  Cerbin  &  Harold  G. 
Marshall,  Department  of  Biological  Sciences,  Old  Dominion  University,  Norfolk  Virginia  23529- 
0266.  Early  identification  of  the  presence  of  Pfiesteha-Wke.  organisms  (PLO)  would  be  beneficial 
to  management  awareness  and  early  response  to  their  presence.  The  identification  based  on 
morphology  can  only  be  confirmed  by  using  scanning  electron  microscopy  (SEM)  protocol.  The 
most  common  SEM  method  is  the  suture  swelling  technique.  However,  this  method  in  many  cases 
does  not  give  satisfactory  results,  especially  when  used  for  other  than  Pfiesteria  sp.  organisms.  The 
other  commonly  used  technique  is  the  ethanol-p-formaldehyde  procedure,  which  strips  outer 
membrane  of  dinoflagellates.  This  study  compares  the  results  of  those  two  methods  with  different 
PLO’s  and  also  presents  results  when  specific  steps  within  each  are  combined.  The  swelling 
technique  was  most  successful  for  Bigelow  strains  1 833  and  1 838  while  the  combined  method  was 
best  for  Bigelow  1882  and  ODU  01VDH034.  Using  the  stripping  method  was  not  successful  in  all 
cases.  Within  the  PLO  group  different  protocols  should  be  used  as  the  results  vary  among  different 
strains.  This  is  one  of  several  studies  on  this  topic  supported  by  the  Virginia  Department  of  Health 
and  the  CDC. 


EFFECTS  OF  BREACHING  THE  EMBREY  DAM  IN  FREDERICKSBURG,  VIRGINIA  ON 
EPIPELIC  AND  EPILITHIC  PERIPHYTON  COMMUNITIES  IN  THE  RAPPAHANNOCK 
RIVER.  Tracy  E.  Hamm.  Allison  M.  Lockwood,  &  Stephen  W.  Fuller,  Dept,  of  Biol.,  Mary 
Washington  College,  Fredericksburg  V  A  22401 .  The  Embrey  Dam  in  Fredericksburg,  Virginia  was 
breached  in  February  2004,  causing  the  lake  that  had  formed  behind  it  to  drain.  We  examined  sites 
both  above  and  below  the  dam  before  the  breaching  then  added  a  third  site  where  the  lake  had 
drained  after  the  breaching.  Our  main  objective  was  to  observe  any  succession  that  might  occur  on 
the  newly  exposed  substrata  previously  submerged  under  the  lake.  Once  a  month  at  each  site, 
samples  of  both  epipelic  and  epilithic  periphyton  communities  were  suspended  in  water  and 
examined  using  Sedgewick-Rafter  slides.  Periphyton  were  observed  and  their  biovolume  per  area 
(mmVcm^)  calculated.  In  the  case  of  both  epipelic  and  epilithic  communities,  the  biovolume  of 
periphyton  observed  at  the  site  formerly  under  the  lake  was  similar  to  the  bio  volumes  of  the  above- 
and  below-dam  sites.  This  indicates  that  if  that  site  was  indeed  bare  before  breaching  the  dam 
lowered  the  water  levels,  then  the  two  weeks  between  that  and  our  sampling  date  was  sufficient  time 
for  a  periphyton  community  to  become  established. 


36 


VIRGINIA  JOURNAL  OF  SCIENCE 


INTROGRESSIVE  HYBRIDIZATION  BETWEEN  RHODODENDRON ATLANTICUM R. 
PERICLYMENOIDES:  II.  VEGETATIVE  CHARACTERS.  Monica  Harris  Nicholson  &  Bruce 
L.  King.  Department  of  Biology,  Randolph-Macon  College,  Ashland,  VA  23005.  Natural 
hybridization  between  Rhododendron  atlanticum  and  R.periclymenoides  was  investigated  using  10 
vegetative  characters  and  discriminant  analysis.  The  two  species  have  overlapping  geographic 
ranges  and  flowering  times.  Experimental  hybrids  are  known  to  be  fertile.  Two  putative  hybrid 
populations  (PHPl  and  PHP2)  were  studied.  PHPl  showed  no  evidence  of  natural  hybridization. 
PHP2  showed  convincing  evidence  of  bi-directional  introgressive  hybridization.  The  results  and 
conclusions  were  congruent  with  previous  micromolecular  and  floral  analyses  of  population  samples 
from  the  same  study  sites.  Habitat  disturbance  alone  does  not  ensure  that  natural  hybridization  will 
occur. 


Chemistry 

CAPILLARY  ELECTROPHORETIC  METHOD  FOR  ANALYSIS  OF  SULFATED 
FLAVANOIDS.  Mandakini  Dantuluri  &  Umesh  R.  Desai,  Department  of  Medicinal  Chemistry, 
Virginia  Commonwealth  University,  Richmond  Virginia  23298.  Our  previous  research  on 
mimicking  heparin  pentasaccharide  structure  led  to  the  rational  design  of  sulfated  flavanoids.  An 
efficient  method  was  needed  for  rapid  analysis  of  these  designed  sulfated  flavanoids.  This  work 
presents  our  research  on  the  use  of  capillary  electrophoresis  for  analysis  of  sulfated  flavanoids.  A 
characteristic  feature  of  our  designed  sulfated  flavanoids  is  extremely  high  charge  resident  on  small 
size.  To  better  understand  their  electrophoretic  behavior  numerous  conditions  including  forward  and 
reverse  polarity,  pH,  pressure,  voltage,  ionic  strength,  buffer  nature,  etc.  were  studied.  Optimal 
resolution  was  obtained  in  20  mM  sodium  phosphate  buffer,  pH  3.5,  using  reverse  polarity  at  1 0  kV. 
A  mixture  of  enantiomeric  sulfated  flavanoid  was  resolved  into  its  components  using  15%  (w/v)  P- 
cyclodextrin  in  150  mM  sodium  phosphate  at  pH  3.5  and  10  kV  under  reverse  polarity.  Yet,  a 
mixture  of  diastereomeric  sulfated  flavanoids  could  not  be  resolved  under  the  conditions  studied, 
suggesting  the  difficulty  of  analyzing  such  highly  polyanionic  small  molecules. 


SYNTHETIC,  NON-SULFATED  POLYMERS  AS  HEPARINOIDS:  ANTITHROMBIN  BINDING 
AND  ACTIVATION  STUDIES.  Bernhard  H.  Monien  &  Umesh  R.  Desai,  Dept,  of  Medicinal 
Chemistry  and  Inst,  for  structural  Biology  and  Drug  Discovery,  VCU.  Heparin  and  heparin-based 
anticoagulants  are  extremely  important  pharmaceutical  agents.  Intensive  efforts  to  design  heparin 
mimics  with  a  sulfated,  polysaccharide  backbone  to  eliminate  complications  from  heparin  therapy 
are  in  progress.  The  function  of  heparin,  antithrombin  activation  for  accelerated  factor  Xa  and/or 
thrombin  inhibition  may  be  mimicked  with  non-sulfated,  non-polysaccharide  molecules.  The  free 
energy  of  binding  (21-35  kJ/  mol)  when  linear  polyacrylic  acids  with  differing  chain  lengths  interact 
with  human  plasma  antithrombin  compares  favorably  with  a  specific  heparin  trisaccharide  (24-33 
kJ/mol)  and  pentasaccharide  (51-59  kJ/mol).  Further,  the  longest  polyacrylic  acid  studied 
accelerates  the  antithrombin  inhibition  of  factor  Xa  and  thrombin  284-fold  and  1,109-fold, 
respectively,  which  compares  well  with  the  ~600-fold  and  ~4,000-fold  acceleration  achieved  with 
full-length  heparin.  Our  work  demonstrates  that  non-sulfated,  nonsaccharidic  molecules  can  bind 
and  activate  antithrombin  for  accelerated  inhibition  of  two  critical  enzymes  of  the  coagulation 
cascade  and  establishes  the  proof-of-principle  on  which  rational  design  of  anticoagulants,  especially 
orally  active  molecules,  may  be  based. 


ACTIVE  SITE  LABELING  OF  THE  CAP  METHYLTRANSFERASE.  T.  A.  Linkous  &  T.  O.  Sitz, 
Dept,  of  Biochem.,  Virginia  Tech,  Blacksburg,  VA  24061.  The  5’-cap  structure  of  eucaryotic 
mRNAs  are  methylated  in  the  7-position  of  the  guanine  by  the  guanine-7-methyltransferase  (cap 
methyltransferase).  Without  this  important  methylation  the  mRNA  is  not  translated  into  protein. 
The  active  site  of  the  cap  methyltransferase  can  be  labeled  by  binding  ^^P-labeled  non-methylated 
capped  RNA  and  covalently  linking  it  in  the  active  site  by  exposing  it  to  short  wavelength  UV  light 
for  one  hour  on  ice.  When  the  cap  methyltransferase  was  isolated  from  mouse  tumor  tissue,  the 
active  site  labeling  was  inhibited  by  Mg^^at  a  concentration  of  10  mM.  This  concentration  of  Mg^^ 
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also  inhibited  its  enzyme  activity.  However,  when  the  human  cap  methyltransferase  was  expressed 
as  a  His-tag  protein  in  E.  coli  and  isolated,  the  active  site  labeling  was  not  inhibited  by  Mg^^. 
Actually,  10  mM  Mg^^  stimulated  the  active  site  labeling  of  the  cloned  enzyme!  However,  10  mM 
Mg^^  inhibited  the  enzyme  activity.  When  120  amino  acids  were  deleted  from  the  N-terminal  of  the 
cloned  human  enzyme,  it  still  showed  this  unusual  result,  i.e.  stimulation  of  active  site  labeling  by 
10  mM  but  the  enzyme  activity  was  inhibited.  It  is  not  clear  if  this  difference  is  due  to  the  cloned 
expression  of  the  enzyme  or  due  to  some  variation  in  the  human  and  mouse  sequence. 


SUBUNIT  STRUCTURE  OF  THE  CLONED  HUMAN  CAP  METHYLTRANSFERASE.  J.  M. 
Brooks.  M.  J.  Rothenberg,  &  T.  O.  Sitz,  Dept,  of  Biochem.,  Blacksburg,  VA  24061.  Without  the 
methylation  of  the  guanine-7-position  in  the  mRNA  cap  structure,  the  mRNA  is  not  efficiently 
translated.  Previous  research  has  demonstrated  that  this  enzyme  is  found  in  its  native  form  as  a 
homodimer.  We  have  proposed  a  model  of  the  interaction  where  the  N-terminal  region  of  the 
subunits  interacts  with  the  core  enzyme  to  form  this  dimer  structure.  Two  different  forms  of  this 
human  methyltransferase  have  been  cloned  in  a  pET16B  expression  system  in  E.  coli:  A  full  length 
enzyme  476  amino  acids  in  length  and  a  deletion  mutation  with  120  amino  acids  deleted  from  its 
N-terminal.  We  were  able  to  express  high  levels  of  enzyme  activity  of  both  forms  of 
methyltransferase  as  His-tag  proteins  and  were  able  to  purify  both  the  full-length  and  deletion 
mutation  enzymes  while  maintaining  activity.  If  our  model  is  correct  the  full-length  enzyme  should 
form  a  dimer  while  the  deletion  mutation  should  be  found  only  as  monomer.  Gel  exclusion  column 
chromatography  on  an  FPLC-Superose  6  gel  exclusion  column  was  used  to  determine  size.  The  full 
length  enzyme  was  only  found  as  a  dimer  while  the  deletion  mutation  was  found  as  monomer  and 
dimer.  These  results  show  that  while  the  N-terminal  regions  play  a  role  in  dimer  formation  there 
are  also  some  interactions  in  the  core  enzyme. 


ASSAY  FOR  HYPOMETHYLATED  CAP  STRUCTURES  IN  MRNA.  C.  M.  MacCarthv  &  T.O. 
Sitz,  Dept,  of  Biochem.,  Virginia  Tech,  Blacksburg,  VA  24061.  Eucaryotic  mRNA  contains  a  5’- 
cap  structure  which  is  highly  modified.  The  most  important  of  these  modifications  is  the 
methylation  of  the  N-7-position  of  the  guanine  base.  Without  this  modification  the  mRNA  is  not 
translated  into  protein.  Messenger  RNA  isolated  from  tumor  cells  is  undermethlylated  at  this 
important  N-7  guanine  position.  We  can  assay  for  this  modification  by  using  cloned  human 
guanine-7-methyltransferase  (cap  methyltransferase)  and  H^(CH3)-S-adenosylmethionine  (H^-S  AM) 
to  methylate  this  hypomethylated  mRNA.  The  RNA  is  then  isolated,  hydrolyzed  with  base,  and  the 
resultant  oligonucleotides  separated  on  a  DEAE-Sephadex  column.  While  this  method  works  well 
it  is  very  time  consuming.  We  have  developed  a  fast  DEAE-filter  binding  method  that  allows  us 
to  analyze  many  samples  quickly.  Different  amino  acid  analogs  (ethionine  and  cycloleucine)  that 
inhibit  methylation  were  used  to  treat  mice  and  Normal  Rat  Kidney  (NRK)  cells  in  culture.  The 
RNA  was  isolated,  incubated  with  cloned  human  cap  methyltransferase  and  H^-SAM,  and  spotted 
on  small  1 .5cm  square  pieces  of  DEAE-filter  paper.  These  papers  were  washed  and  the  radioactivity 
determined.  This  rapid  filter  binding  method  gives  hypomethylation  values  comparable  to  those 
obtained  from  DEAE-Sephadex  columns. 


MAGNETIC  CIRCULAR  DICHROISM  STUDIES  OF  3-SUBSTITUTED  INDOLES.  Paula 
Klonowski  &  D.  D.  Shillady,  Dept,  of  Chemistry,  Virginia  Commonwealth  Univ.,  Richmond  VA 
23284-2006.  The  characteristic  sharp  positive  magnetic  circular  dichroism  (MCD)  band  of  indole 
at  290  nm  is  compared  to  the  MCD  spectra  of  five  other  indoles  with  substituents  in  the  3 -position. 
The  compounds  studied  are:  indole-3 -carboxaldehyde,  3 -indole  acetonitrile,  trans-3-indoleacrylic 
acid,  indole-3 -acetamide  and  3-indoylacetate.  It  was  found  that  a  3 -substituent  with  a  -CHj- 
between  the  indole  ring  and  the  other  chromophore  maintained  the  positive  MCD  band  near  290  nm, 
while  a  3-substituent  pi-conjugated  to  the  indole  ring  substantially  changed  the  MCD  spectrum.  Ab 
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initio  molecular  orbital  calculations  using  a  STO-4G  basis  set  and  single-excitation  configuration 
interaction  (CIS)  are  in  good  agreement  with  the  signs  and  magnitudes  of  the  MCD  bands  of  these 
compounds.  Thus  3 -substituents  that  are  pi-conjugated  to  the  indole  ring  will  not  have  the  large 
positive  290  nm  MCD  peak  observed  for  indole  and  tryptophan. 


INFRARED  REFLECTANCE  ABSORBANCE  SPECTROSCOPY  OF  THE  TEMPERATURE 
DEPENDENCE  OF  LIQUID  CRYSTAL  ADSORPTION  ON  GRAPHITE.  Elizabeth  M  Griffiths 
&  Leanna  C  Giancarlo,  Dept,  of  Chem.,  Mary  Washington  College,  Fredericksburg,  VA  22401.  A 
series  of  4’-alkyl-4-cyanobiphenyls  (pentyl  through  octyl)  liquid  crystals  adsorbed  on  graphite  were 
the  focus  of  Infrared  Reflectance  Absorbance  Spectroscopy  (IRRAS)  studies.  These  studies  aim  to 
determine  molecular  alignment  and  orientation  at  varying  temperatures.  IRRAS  was  utilized  to 
examine  the  changes  in  the  liquid  crystals  as  they  progressed  from  the  solid  to  the  smectic,  nematic, 
and  the  isotropic  phases.  The  phases  of  the  adlayer  were  controlled  by  varying  the  surface 
temperature.  Changes  in  IR  peak  position  and  intensity  provided  information  concerning  the  liquid 
crystal  orientation.  In  particular,  it  was  found  that  as  the  temperature  of  the  system  increases,  the 
cyanobiphenyl  moiety  moves  from  a  parallel  to  tilted  orientation  on  the  graphite.  Furthermore,  the 
C-H  bonds  rotate  about  the  C-C  axis  as  the  temperature  increases,  and  the  extent  to  which  the  C-H 
atoms  interact  with  the  pi  orbitals  of  the  graphite  increases. 


ORGANOSELIUM.  Joshua  A.  Ritchey*.  Craig  A.  Bayse',  and  Patricia  A.  Pleban^.  ( 1 )  Department 
of  Chemistry  and  Biochemistry,  Old  Dominion  University,  4541  Hampton  Blvd.,  Norfolk,  VA 
23529-0126,  Fax:  757-683-4628,  jaritche@odu.edu,  Selenoproteins  play  an  important  biological 
role  as  antioxidants.  In  an  effort  to  understand  these  oxidation  processes  completely,  oxidation 
products  must  be  identified.  Using  ^^Se  NMR,  oxidation  of  selenomethionine  (SeMet)  gives  a  signal 
at  708  ppm  and  another  at  844  ppm  (relative  to  MeSeMe,  pD  5,  0.1  OM,  T=20°C).  The  844  ppm 
signal  is  reported  as  the  selenoxide  and  the  708  ppm  signal  has  been  tentatively  assigned  as  a 
selenurane.  The  assignment  was  made  by  comparing  with  theoretical  shifts  and  synthesizing  the 
SeMet  methyl  ester  to  eliminate  the  carboxyl  group  interaction.  This  agrees  with  the  Se  coupling 
constants,  10.4Hz  for  the  selenurane  and  12.0  for  the  selenoxide.  The  oxidation  products  of  the 
SeMet  methyl  ester  show  a  decrease  in  signal  intensity  of  the  Se-0  selenurane  (708  ppm)  and  a  new 
peak  formed  at  586  ppm.  This  new  peak  is  tentatively  assigned  as  the  Se-N  selenurane. 


SYNTHESIS  OF  OPEN-FRAMEWORK  MATERIALS  USING  SUBSTITUTED  BENZYL 
PHOSPHONATES.  Christine  L.  Heinecke  &  Barbara  A.  Reisner,  Dept,  of  Chem.,  James  Madison 
Univ.,  Harrisonburg  VA  22801.  In  an  effort  to  synthesize  extended  structures  with  large  and 
interesting  pore  topologies,  phosphonate  ligands  were  used  to  coordinate  divalent  transition  metals. 
Several  new  transition  metal  phosphonates  were  synthesized  from  both  hydrothermal  and  biphasic 
solvent  systems.  Using  diethyl-4-aminobenzyl  phosphonate  as  a  ligand,  two  layered  phases 
containing  Co(II)  and  Ni(II)  were  synthesized:  Co[03PCH2C6H5NH2]-H20  and 
Ni[03PCH2C6H5NH2]  H20.  All  products  were  characterized  using  powder  X-ray  diffraction  and 
thermal  gravimetric  analysis. 


COMPLEXES  OF  Co(II),  Ni(II),  Cu(II),  AND  Zn(II)  WITH  N-CYCLOHEXYL-SUBSTITUTED 
PHTHALAMIC  ACID  LIGANDS  AS  MODELS  FOR  METAL-DOPED  POLYIMIDES.  C.M. 
Davis,  with  D.L.  Polo  and  L.M.  Vallarino,  Department  of  Chemistry,  Virginia  Commonwealth 
University,  Richmond,  VA  23284-2006.  Polyimides  are  low-density  organic  polymers  that  have 
become  important  as  construction  materials  for  industrial  applications  because  of  their  high  thermal 
stability  and  excellent  mechanical  properties.  Most  polyimides  contain  an  appreciable  percentage 
of  (non-imidated)  amic-acid  sites.  It  has  been  suggested  that  these  amic-acid  sites  can  act  as  ligands 
for  metal  ions,  resulting  in  the  formation  of  materials  which  would  combine  the  original  properties 
of  the  host  polymer  with  the  specific  properties  of  the  guest  metal  ions.  As  part  of  an  ongoing 
project,  the  students  of  the  2004  Inorganic  Chemistry  Laboratory  course  have  investigated  the 
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coordinating  ability  of  N-cyclohexyl-phthalamic  acid  toward  selected  transition  metal  ions,  as  a 
monomeric  model  for  the  amic-acid  sites  of  polyimides.  The  work  has  involved  the  synthesis  and 
characterization  of  the  acid,  of  the  sodium  salt  of  the  acid,  and  of  the  complexes  formed  by  the 
anionic  form  of  the  acid  with  the  cobalt(II),  nickel(II),  copper(II),  and  zinc(II)  ions. 


BLACK  GOO  AND  YOUNG  VINE  DECLINE.  David  McGinnis  and  Roy  L.  Williams,  Old 
Dominion  University  Enological  Research  Facility,  Department  of  Chemistry  and  Biochemistry,  Old 
Dominion  University,  Norfolk  VA  23529-0126.  The  young  vine  disease  known  as  Black  Goo  is 
rapidly  becoming  an  international  problem  for  vineyards.  Black  Goo  is  believed  to  be  a  byproduct 
of  the  vine  following  Phaeoacremonium  chlamydospomm  fungal  infection.  The  research  facility  has 
been  investigating  the  chemical  nature  of  infected  Virginia  Syrah  vines.  The  sectioned  Syrah  vines 
were  found  to  contain  the  dark  amber  goo,  which  is  associated  with  the  disease.  The  Black  Goo 
substance  is  currently  being  subjected  to  analytical  analysis.  We  have  determined  that  the 
substance's  chemical  constituents  include  such  phytoalexins  as  trans-resveratrol,  cis-resveratrol,  e- 
viniferin,  and  d-viniferin.  Our  current  hypothesis  with  regard  to  possible  function  of  the  chemical 
constituents  in  infected  vines  is  that  their  insoluble  nature  leads  to  accumulation  within  the  xylem 
as  the  disease  progresses.  This  creates  an  obstruction  in  the  xylem,  which  inhibits  the  normal  flow 
of  nutrients  and  fluids  within  the  vine. 


SYNTHESES  OF  FUNCTIONALIZED  1,4-DISUBSTITUTED  yCARBOLINES.  Wayne  M. 
Stalick  Department  of  Chemistry,  George  Mason  University,  Fairfax,  VA  22030  &  James  H.  Wynne, 
Chemistry  Division,  Naval  Research  Laboratory-Code  6120,  Washington  DC  20375  and  George 
Mason  University,  Fairfax,  VA  22030.  Since  a  number  of  reports  have  shown  that  y-carbolines  are 
of  interest  due  to  their  biological  activities,  a  general  synthetic  path  seemed  desirable  to  allow  for 
the  examination  of  a  large  series  of  these  interesting  compounds.  In  our  first  approach  using  N- 
tosylaldimines  as  an  integral  step,  the  desired  products  were  afforded,  but  the  yields  were  lower  than 
expected  mainly  because  of  the  large  number  of  steps  required  in  the  reaction  sequence.  Our  second 
approach  significantly  reduces  the  number  of  steps  in  the  reaction.  The  sequence  begins  with  the 
acylation  of  indole  in  the  3-position,  a  reaction  we  have  accomplished  without  a  protecting  group. 
Subsequent  reductive  amination  of  the  acylated  product  with  a  variety  of  amino  acids  or  derivatives 
affords  the  corresponding  side  chain  that  easily  lends  itself  to  direct  cyclization  yielding  the  y- 
carboline  nucleus.  Depending  on  which  amino  acid  is  used,  the  3-position  can  be  substituted  with 
a  variety  of  different  groups.  This  second  approach  affords  y-carbolines  that  can  have  alkyl,  as  well 
as  aryl  groups  in  the  1 -position,  substitution,  if  desired,  in  the  3 -position  and  substitution  also  in  the 
4-position  when  necessary. 


LASER  INDUCED  DAMAGE  TO  MATERIALS  AS  A  METHOD  OF  DETECTING  LASER  EYE 
HAZARDS.  Christopher  T.  Lloyd.  James  H.  Wynne,  Samuel  D.  Jensen  &  Robert  F.  Cozzens, 
Chemistry  Division,  US  Naval  Research  Laboratory,  4555  Overlook  Avenue,  S  W,  Washington,  DC 
20375.  There  is  a  need  for  an  inexpensive,  passive  device  to  be  used  as  a  laser  dosimeter  that  would 
indicate  whether  laser  irradiation  of  a  DOD  asset  had  occurred  and  give  an  approximate  value  for 
the  incident  laser  power.  As  with  ionizing  radiation  dosimeters,  the  instrument  would  be  read  and 
interpreted  after  the  lasing  has  occurred.  The  dosimeter  would  be  placed  on  an  asset  at  risk  (ie. 
aircraft,  helicopter,  border  post,  front  line  position).  If  irradiated,  a  telltale  damage  spot  would  be 
produced  in  the  sensitive  material.  Upon  later  examination,  the  size  and  appearance  of  the  damage 
spot  would  be  an  indication  of  the  laser  power  and  evidence  of  a  lasing  incident.  These  damaged- 
enhanced  materials  darken  when  exposed  to  a  laser  of  sufficient  power  to  damage  eyes  and  optical 
sensors.  Design  and  testing  of  an  optical  system  in  which  these  materials  can  be  used  is  currently 
underway.  The  current  status  of  the  development  and  testing  of  several  dosimeter  materials  and 
brief  descriptions  of  these  optical  prototype  instruments  are  discussed. 
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PREVENTION  OF  WIND  EROSION  UTILIZING  BIODEGRADABLE  POLYMERS.  James  H. 
Wynne.  Christopher  T.  Lloyd,  &  Samuel  D.  Jensen,  Chemistry  Division,  US  Naval  Research 
Laboratory,  4555  Overlook  Avenue,  SW,  Washington,  DC  20375.  During  Operation  Iraqi  Freedom, 
military  operations  were  severely  impacted  due  to  the  tremendous  amounts  of  airborne  sand  and 
dust.  Not  only  does  airborne  dust  affect  the  operation  of  equipment  but  remains  a  health  concern 
as  well.  Under  conditions  such  as  those  found  in  Iraq  and  Afghanistan,  the  prevalence  of  this 
problem  lead  to  a  renewed  effort  to  address  this  problem.  Employing  an  affordable,  biodegradable, 
environmentally  friendly,  water-based,  polymer  solution,  NRL  demonstrated  the  effective  treatment 
of  desert  surfaces,  significantly  reducing  airborne  dust  and  sand  during  helicopter  approach,  taxi  and 
landings.  NRL  has  developed  a  dust  palliative,  whereby  we  are  able  to  solidify  the  surface  of  the 
desert  and  thus  prevent  large  amounts  of  dust  and  sand  from  becoming  airborne  upon  helicopter 
approach  and  landings.  This  solution  was  tested  on  a  variety  of  sand  types  and  was  successfully 
implemented  in  a  recent  field  test  in  Yuma,  Arizona. 


THERMAL  DECOMPOSITION  OF  ALKALI  METAL  bis  OXALATO  CUPRATE 
DIHYDRATES.  Adam  Taylor  and  T.  C.  DeVqre,  Dept,  of  Chemistry,  JMU.  The  thermal 
decomposition  the  alkali  metal  bis-oxalato  cuprate  (II)  dihydrate  (ALK  =  Na  and  K)  have  been 
investigated  using  differential  scanning  calorimetry  (DSC)  and  thermal  gravimetric  analysis-  mass 
spectroscopy  (TGA-MS)  in  nitrogen  and  using  evolved  gas  analysis-FTIR  (EGA-FTIR)  in  vacuum. 
IR  spectroscopy  and  powder  XRD  were  used  to  identify  the  solid  residues  produced  during  the 
decomposition.  The  decomposition  of  both  compounds  occurs  in  three  steps.  The  first  step  results 
from  the  waters  of  hydration  under  all  set  of  conditions  tested.  The  second  step  results  from  the  loss 
of  CO2  to  form  the  copper  and  the  alkali  metal  oxalate  in  flowing  nitrogen.  The  final  step  occurs 
with  the  loss  of  CO  to  form  Na2C03.  The  kinetics  for  each  decomposition  step  was  determined 
using  Kessinger’s  approximation.  The  enthalpies  of  formation  for  each  compound  were  also 
determined  using  the  DSC  data. 

POSTERS: 

ADSORPTION  OF  LEAD  IONS  BY  ORGANO-SILICATE  NANOCOMPOSITES.  Tarek  M. 
Abdel-Fattah  &  Larry  Isaacs,  Dept,  of  Biology,  Chemistry  &  Environmental  Science,  Christopher 
Newport  Univ.,  Newport  News  VA  23606.  The  state  of  Virginia  has  at  least  35  outdoor  shooting 
ranges  not  counting  the  military.  Alternatives  to  effectively  immobilize  lead  contaminates  in  soil 
and  stormwater  are  needed  by  small  arms  range  (SAR)  managers  to  comply  with  environmental 
regulations  and  protect  the  environment.  The  equilibrium  adsorption  of  aqueous  Pb^^  by  molecular 
sieves  HMS,  MCM-41,  and  MCM-48  were  measured  by  graphite  furnace  atomic  adsorption. 
Kinetics  and  isotherm  models  were  prepared,  and  the  effects  of  pH  2  to  pH  12,  competing  ions,  and 
25  °C  to  45  °C  temperature,  on  performance  were  investigated.  HMS,  MCM-41  and  MCM-48 
reactions  with  Pb^^  were  first  order,  with  half-life  reaction  times  of  65,  19  and  107  minutes, 
respectively.  The  batch  equilibrium  study  Pb^^  data  fit  the  Langmuir  and  the  Freundlich  isotherm 
models.  Average  percent  Pb^^  removal  at  23°C  for  HMS,  MCM-41,  and  MCM-48  were  93%,  96%, 
and  93%,  respectively.  Ionic  competition  reduced  Pb^^  removal  by  HMS,  but  enhanced  MCM-41 
and  MCM-48  performance.  HMS  began  to  release  Pb^^  ions  below  pH  =  6  and  MCM-41  and  48 
began  to  release  Pb^^  below  pH  =  4. 


ARSENIC  REMOVAL  FROM  WATER  USING  IRON  MODIFIED  ADSORBENTS.  Tarek  M. 
Abdel-Fattah  &  Kelly  B.  Payne,  Dept,  of  Biology,  Chemistry  &  Environmental  Science,  Christopher 
Newport  Univ.,  Newport  News  VA  23606.  This  study  supports  worldwide  research  efforts  to  obtain 
drinking  water  with  arsenic  levels  below  1 0  ppb,  the  current  WHO  guideline  value.  Batch  adsorption 
kinetic  and  isotherm  studies  evaluated  iron  treated  adsorbents  for  arsenate  (As^^)  and  arsenite  (As^^) 
removal  from  water.  Adsorption  effectiveness  was  investigated  using  two  iron  treatments,  varied 
pH,  competing  ions,  and  temperature  increases.  Iron  treated  activated  carbon  and  chabazite  showed 
the  most  promise  as  low  cost  arsenic  adsorbents;  activated  carbon  removed  approximately  60%  of 
arsenate  and  arsenite  while  chabazite  removed  approximately  50%  of  arsenate  and  30%  of  arsenite. 


PROCEEDINGS 


41 


Modeling  adsorption  using  isotherm  expressions  determined  the  adsorbents’  capacity  for  arsenic 
removal.  Arsenate  removal  by  iron  treated  activated  carbon  and  clinoptilolite  best  fit  the  Langmuir 
model.  Arsenate  removal  by  iron  treated  chabazite  and  arsenite  removal  by  activated  carbon, 
chabazite,  and  clinoptilolite  best  fit  the  Freundlich  model.  pH  values  were  determined  for  effective 
applications  of  iron  modified  adsorbents.  Ionic  competition  and  increasing  temperature  improved 
adsorption  performance. 


HINT  ANALYSES  OF  ANTITHROMBIN  BINDING  TO  PENTASACCHARIDES.  Chandravel 
Krishnasamv  &  Umesh  R.  Desai,  Dept,  of  Medicinal  Chemistry  and  Inst,  for  Structural  Biology  and 
Drug  Discovery,  Virginia  Commonwealth  University,  Richmond, VA  23298.  Heparin  is  a  highly 
charged  polymer  that  binds  antithrombin  and  regulates  the  blood  coagulation  cascade.  Heparin 
mimics  are  being  developed  as  new  anticoagulants  with  improved  properties.  Hydropathic 
interaction  analyses  (HINT)  was  used  to  assess  the  nature  and  degree  of  interaction  between 
saccharide  activators  and  antithrombin.  Minimization  studies  suggest  that  a  high  dielectric  constant 
of  80  is  required  to  accurately  simulate  the  structure  of  heparin  pentasaccharide.  This  conformation 
matches  the  conformation  of  the  pentasaccharide  in  solution.  In  contrast,  a  dielectric  constant  of  5 
is  required  to  simulate  the  bound-state  conformation  of  the  pentasaccharide.  Docking  studies  suggest 
that  a  fully  automated  docking  protocol  may  not  accurately  predict  the  best  possible  binding 
geometry,  thus  requiring  considerable  manual  intervention.  Finally,  a  reasonable  correlation  between 
HINT  score  of  three  critical  residues  of  the  pentasaccharide-binding  domain  and  the  observed 
binding  energy  is  obtained  suggesting  that  the  protocol  developed  in  this  study  may  be  useful  for 
rational  design  of  new  heparin  mimics. 


CAPILLARY  ELECTROPHORETIC  METHOD  OF  ANALYSIS  OF  SULFATED  FLAVANOIDS. 
Mandakini  Dantuluri  &  Umesh  R.Desai,  Dept.of  Medicinal  Chemistry,  Virginia  Commonwealth 
Univ.,  Richmond  Virginia  23298. Our  previous  work  on  mimicking  heparin  pentasaccharide 
structure  led  to  the  rational  design  of  sulfated  flavanoids.  An  efficient  method  was  needed  for  rapid 
analysis  of  these  designed  sulfated  flavanoids.  This  work  presents  our  research  on  the  use  of 
capillary  electrophoresis  for  analysis  of  sulfated  flavanoids.  A  characteristic  feature  of  our  designed 
sulfated  flavanoids  is  high  charge  resident  on  small  size.  To  better  understand  their  electrophoretic 
behavior  numerous  conditions  including  forward  and  reverse  polarity,  pH,  pressure,  voltage,  ionic 
strength,  buffer  nature,  etc.  were  studied.  Optimal  resolution  was  obtained  in  20  mM  sodium 
phosphate  buffer,  pH  3.5,  using  reverse  polarity  at  10  kV.  A  mixture  of  enantiomeric  sulfated 
flavanoid  was  resolved  into  its  components  using  15%  (w/v)  b-cyclodextrin  in  150  mM  sodium 
phosphate  at  pH  3.5  and  10  kV  under  reverse  polarity.  Yet,  a  mixture  of  diastereomeric  sulfated 
flavanoid  could  not  be  resolved  under  the  many  conditions  studied,  suggesting  the  difficulty  of 
analyzing  such  highly  polyanionic  small  molecules. 

ISOTHERM  STUDY  OF  SURFACTANT  MODIFIED  ADSORBENTS  FOR  REMOVAL  OF  2,4- 
DICHLOROPHENOL  FROM  AQUEOUS  SOLUTIONS.  Valerie  Johansen.  Sandy  Han  &  Tarek 
M.  Abdel-Fattah,  Dept,  of  Bio.  Chem.  &  Environ.  Sci.,  Christopher  Newport  Univ.,  Newport  News 
VA  23606.  Dichlorophenols  are  used  in  wood  preservation  treatments  and  the  production  of 
herbicides  and  antiseptics.  An  experiment  was  conducted  in  order  to  study  the  effectiveness  of 
various  inexpensive  adsorbent  materials  for  the  removal  of  2,4-Dichlorophenol  (DCP)  from  aqueous 
solutions.  The  adsorbents  used  included  synthetic  molecular  sieves,  5 A  and  13X,  naturally 
occurring  zeolites,  Clinoptilolite  and  Chabazite,  as  well  as  activated  carbon,  aluminum  oxide  and 
silica  gel.  Each  adsorbent  was  modified  with  dodecylamine  (DDA)  surfactant  to  increase  adsorbent 
capabilities.  The  study  was  done  using  50mL  of  2,4-DCP  (50  ppm)  with  varying  amounts  of  each 
modified  adsorbent.  Absorbance  values  obtained  from  a  UV- Visible  Spectrophotometer  to 
determine  the  percentage  of  2,4-DCP  removal  from  each  sample  over  a  total  period  of  48  hours.  All 
modified  adsorbents  were  successful  in  removing  all  or  part  of  the  2,4-DCP.  Activated  carbon  fit 
both  the  Langmuir  and  Freundlich  isotherm  models  and  Chabazite  fit  the  Freundlich  model.  No 
other  adsorbents  fit  either  model.  The  results  of  this  study  could  be  applied  to  develop  methods  for 
the  removal  of  2,4-DCP  from  water. 
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TEMPERATURE  EFFECT  ON  ADSORBANCE  CAPABILITIES  FOR  CHLORONATED 
PHENOLS  OF  NANOCOMPOSITE  MATERIALS.  Sandy  Han,  Valerie  Johansen,  Brian  Bishop 
&  Tarek  M.  Abdel-Fattah,  Dept,  of  Bio.  Chem.  &  Environ.  Sci.,  Christopher  Newport  Univ., 
Newport  News  VA  23606.  Chlorinated  phenols  are  used  for  wood  preservation,  herbicides, 
antiseptics,  and  wood  pulp  bleaching.  They  enter  into  the  environment  from  paper  mill  discharge 
and  water  chlorination  processes.  Exposure  from  ingestion  or  dermal  absorption  can  lead  to  liver 
and  kidney  disease,  and  significant  quantities  can  cause  death.  This  study  investigated  the  effect  of 
temperature  on  the  adsorption  capabilities  of  nanocomposite  materials  to  remove  2,4-dichlorophenol 
(DCP)  from  an  aqueous  media.  The  materials  investigated  are  the  nanocomposites  of  HMS,  MCM- 
41,  MCM-48,  and  MCM-50.  These  materials  were  prepared  by  ionic  (cetyltrimethylammonium) 
or  neutral  (dodecylamine)  surfactants  as  structure  directing  agents  with  tetraethylorthosilicate 
(TEOS)  as  a  silica  source.  Results  and  calculations  show  that  HMS,  MCM-41,  and  MCM-50 
displayed  endothermic  adsorption;  MCM-48  was  the  only  material  to  be  exothermic.  All  adsorbents 
successfully  removed  over  75  percent  of  2,  4-DCP.  Organo-silicate  nanocomposite  materials 
demonstrate  great  capability  for  the  removal  of  organic  pollutants  from  aqueous  media  due  to  their 
significant  adsorption  capacity. 


Computer  Science 

MULTI-MODAL  PERVASIVE  COMPUTING.  Moses  C.  Allotey-Pappoe,  Dept,  of  Computer 
Science,  Norfolk  State  University,  Norfolk,  VA  23504.  As  new  communications  technology  keeps 
evolving  into  smaller  and  mobile  devices  the  need  to  process  information  to  them  becomes  very 
important.  Pervasive  computing  simply  helps  users  of  these  devices  access  information  at  anytime 
and  anywhere.  However,  this  way  of  computing  has  some  shortcomings.  Screens  are  too  small 
making  it  hard  to  read  text  no  matter  how  good  the  resolutions.  In  addition,  the  input  mode  of  using 
keyboard  or  handwriting  recognition  is  painfully  slow  and  hard  to  master.  We  propose  to  solve  these 
shortcomings  by  using  other  modes  of  communication,  thus  creating  a  multi-modal  application.  We 
created  a  system  in  which  a  PDA  user  will  be  able  to  access  a  web  page  with  embedded  voice 
interaction  code  so  that  it  will  prompt  the  user  for  a  voice  input.  The  user  will  then  provide  a  voice 
input  for  the  database  query.  The  voice  input  will  be  converted  to  text  and  sent  back  to  the  web 
server.  The  web  server  executes  the  query  to  retrieve  the  required  data  in  XML  and  XSL  then 
transforms  these  documents  into  a  web  page  with  voice  interaction  code  and  sends  it  back  to  the 
PDA.  The  PDA  displays  the  web  page  and  also  renders  it  in  voice  to  the  user.  This  research  was 
made  possible  by  using  open-source  products  such  as  Jakarta  Tomcat,  Apache  Cocoon,  IBM 
Multimodal  Toolkit,  MySQL,  and  a  pervasive  computer,  the  PDA. 


GENDER  GAP  IN  COMPUTER  TECHNOLOGY.  Sunita  Luthar  &  Jeff  Zadeh,  Department  of 
Mathematics  and  Computer  Science,  Virginia  State  University,  Petersburg,  VA  23  806. The  purpose 
of  this  paper  is  to  investigate  the  causes  and  effects  of  gender  difference  in  computer  technology  at 
secondary  level.  Also  find  the  answers  to  questions  like;  “Why  are  there  fewer  females  in  computer 
field?”  “What  are  the  reasons  behind  it?”  “Are  we  as  a  society  somehow  discouraging  females  from 
going  into  this  field?”  A  questionnaire  was  developed  to  find  out  the  attitudes  of  high  school 
students  towards  computers.  The  questions  were  related  to  see  students’  interest  in  computers  and 
how  they  use  them.  It  was  also  meant  to  find  out  their  future  career  goals  regarding  computer 
science.  We  found  that  male  students  spend  more  time  on  the  computers  per  week  and  feel  more 
comfortable  with  computer  hardware.  Many  of  male  students  want  to  choose  computer  science  as 
a  career  compare  to  female  students. 
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Education 

EVALUATION  OF  PHYSICAL  SCIENCE  OUTREACH  PROGRAM.  Alison  Baski',  Jacqueline 
McDonnough^  &  Susan  McKelvev^.  'Physics  Department,  Virginia  Commonwealth  University, 
Richmond,  VA  23284,  and  ^School  of  Education,  Virginia  Commonwealth  University,  Richmond, 
VA  23284.  This  evaluation  is  a  part  of  the  Hands-On  Physical  Science  for  In-Service  Teachers 
program,  designed  to  improve  the  physical  science  teaching  of  upper-level  elementary  teachers  in 
the  City  of  Richmond.  The  course  is  based  on  ten  hands-on  activities  related  to  the  Virginia  SOL’s 
in  physical  science.  During  the  school  year,  physics  faculty  and  undergraduate  assistants  deliver 
these  lessons  to  the  teachers’  classes.  In  the  evaluation  of  this  program,  the  Self-Efficacy  Teaching 
and  Knowledge  Instrument  for  Science  Teachers  (SETAKIST),  developed  by  Roberts  and  Henson 
(2000)  was  used,  as  well  as  an  open-ended  feedback  questionnaire.  The  SETAKIST  revealed  that 
teachers  experienced  anxiety  when  teaching  new  concepts.  From  the  open-ended  questions,  teachers 
expressed  the  importance  of  hands-on  activities,  and  that  they  attribute  to  the  program  higher  levels 
of  confidence  when  teaching  science. 


BOREDOM  PRONENESS  AND  TASK  EFFECTIVENESS  AMONG  FEMALE  COLLEGE 
STUDENTS.  Michael  Gentry'  &  James  McCrory^,  'Dept,  of  Mathematics  &  ^Dept.  of  Education, 
Mary  Baldwin  College,  Staunton,  Virginia,  24401.  Past  research  has  found  that  boredom  is  not 
simply  in  the  nature  of  a  task  but  in  each  person’s  perception  of  the  task.  Boredom  is  usually 
associated  with  specific  classes  such  as  English,  History,  and  Mathematics.  This  study  examined 
the  relationship  between  boredom  proneness  and  task  effectiveness  for  123  female  college  students. 
Subjects  were  administered  a  Likert  version  of  the  Boredom  Proneness  Scale  (Farmer  and  Sundberg, 
1 986).  Measures  of  task  effectiveness,  e.g.,  the  student’s  final  course  grade,  were  recorded  for  each 
subject.  Methods  of  exploratory  data  analysis  were  used  to  analyze  the  data,  and  a  nonlinear 
regression  model  was  fit  to  the  data  after  omitting  outliers.  A  statistically  discernible  relationship 
between  a  student’s  BP  score  and  her  final  course  grade  was  detected;  the  correlation  coefficient  was 
r  =  .369.  Further  data  analysis  suggested  that  individuals  who  require  a  lot  of  change  and  variety 
and  higher  levels  of  stimulation  than  others  are  prone  to  boredom,  but  are  perceived  by  others  as 
being  creative  and  imaginative.  There  is  no  well-developed  theory  of  boredom.  Studies  need  to  be 
conducted  to  determine  if  boredom  is  due  to  over  stimulation  rather  than  under  stimulation.  Parents, 
administrators,  and  teachers  need  to  work  together  to  identify  ways  to  counteract  or  reduce  boredom. 


DEVELOPING  EXHIBITIONS  AND  PROGRAMS  FOR  THE  BELMONT  BAY  SCIENCE 
CENTER.  Eugene  G.  Maurakis'  &  Astrid  Haryati^,  'Belmont  Bay  Science  Center  do  Science 
Museum  of  Virginia,  2500  W.  Broad  St.,  Richmond,  VA  23220  and  ^TENG  and  Associates,  205  N. 
Michigan  Ave.  Chicago,  IL  6060 1 .  Objectives  are  to  conduct  and  analyze  results  of  internet  based 
surveys  for  use  in  the  development  of  exhibitions  and  programs  for  Belmont  Bay  Science  Center, 
a  new  200,000  sq.  ft.  hands-on  science  center  in  northern  Virginia.  Internet  based  surveys  are 
composed  of  unique  questions  (e.g.  demographics,  interest  level  in  various  science  and  technology 
subjects,  preferences  for  types  of  interactive  experiences,  day  and  evening  programming 
expectations,  required  degree  of  integrating  informal  and  formal  education  methods,  technology 
integration,  science  center  amenities)  differentially  targeted  to  seven  different  kinds  of  survey 
groups  (general  public,  museum  operators,  educators,  advisors,  and  elementary,  middle,  and  high 
school  students).  Funded  by  US  Small  Business  Administration  Grant  No.  SBAHQ-03-I-0022, 
Belmont  Bay  Science  Center  Foundation,  and  Science  Museum  of  Virginia. 


VIRGINIA’S  SCIENCE  EDUCATION  UPDATES.  Eric  M.  Rhoads,  Office  of  Secondary 
Instruction,  Virginia  Department  of  Education,  P.O.  Box  2120,  Richmond,  VA  23218-2120.  A 
description  of  the  Department’s  efforts  regarding  implementation  of  the  Virginia  Science  Standards 
of  Learning,  engaging  teachers  in  professional  development  activities,  utilizing  standards-based 
resources  effectively,  and  scientifically-based  research  strategies  for  improving  student  achievement. 
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HOW  DISTANCE  EDUCATION  CAN  BE  USED  IN  THE  CLASSROOM.  Beniamin  D.  Swecker. 
Supervisor  of  Media  Production  Services  for  Prince  William  County  Public  Schools  and  Executive 
Director  of  Prince  William  Network,  P.  O.  Box  389,  Manassas  VA  20108  &  Dr.  Beverly  M. 
Thurston,  specialist  in  history,  social  sciences,  and  international  education  for  the  Virginia 
Department  of  Education,  P.  O.  Box  2120,  Richmond  VA  23218.  Distance  education  refers  to 
instruction  that  is  presented  from  a  remote  location  using  telecommunications  or  the  Internet.  Live, 
electronic  field  trips  enable  students  to  virtually  visit  places  distant  places,  talk  directly  with  experts. 
These  broadcasts  bring  the  excitement  of  discovery  and  learning  into  classrooms  across  the  nation. 
WorldNet  Virginia  provides  opportunities  for  a  select  group  of  teachers  or  students  to  participate 
in  study  seminars.  Students  have  attended  the  International  Space  Olympics  in  Russia  and  shared 
their  experiences  on  the  Web.  In  addition,  the  Internet  has  brought  a  wealth  of  resources  to  the 
fingertips  of  teachers  and  students  across  Virginia  through  the  creation  of  web  sites  that  address  the 
Virginia  Standards  of  Learning  (SOL).  Lastly,  in  partnership  with  DOE  and  Old  Dominion 
University,  Prince  William  Network  has  offered  a  number  of  professional  development  courses  for 
teachers. 


BRINGING  VIRGINIA  AGRICULTURE  AND  NATURAL  RESOURCES  TO  THE 
CLASSROOM.  Elizabeth  D.  Alford,  Virginia  Foundation  for  Agriculture  in  the  Classroom,  12580 
West  Creek  Parkway,  Richmond,  VA  23238.  Virginia  Agriculture  in  the  Classroom  (AITC)  is  a 
statewide  educational  program  for  teachers.  Its  goal  is  to  help  students  gain  a  greater  awareness  of 
the  role  of  agriculture  in  our  economy  and  society  by  providing  quality  training  and  resources  to 
their  teachers.  With  less  than  two  percent  of  the  American  population  residing  on  farms  today,  the 
general  population  is  far  removed  from  its  source  of  food,  fiber  and  shelter.  The  Virginia  AITC 
program  was  designed  to  address  this  lack  of  awareness  of  Virginia’s  agriculture  industry.  The 
program  uses  agriculture  as  a  medium  to  teach  science,  social  studies,  language  arts  and  math.  All 
program  information,  hands-on  activities,  and  resources  are  aligned  to  state  standards,  most  closely 
supporting  the  natural  resources  strand  of  the  elementary  science  standards.  Virginia  AITC  is  fully- 
funded  by  Virginia’s  agricultural  community  and  thus  provides  this  program  to  the  schools  at  no 
cost. 


SCIENCE  FAIR  JUDGING:  WHAT  ARE  THE  STANDARDS?.  Ronald  S.  Mollick,  Dept,  of  Biol., 
Chem.  &  Environ.  Sci.,  ChristopherNewportUniv.,  Newport  News,  VA.  23606.  Science  fairs  have 
been  part  of  the  educational  landscape  especially  since  the  acceleration  of  science  education  that 
took  place  near  the  end  of  the  1950's.  Standards  forjudging  have  always  included  the  use  of  forms 
requiring  numerical  ratings  that  must  be  calculated  in  several  major  and  minor  areas.  The  problems 
in  using  numerical  rankings  are  that  1)  judges  use  of  the  rating  scale  varies  with  each  judge,  and  2) 
the  number  of  judges  seeing  each  project  is  not  always  the  same  which  increases  the  variation  of  the 
summary  scores.  My  experience  is  that  judges  tend  to  avoid  using  rating  sheets  and  instead  use  a 
general  evaluation  system  that  examines  1 )  student  understanding  of  the  background  that  led  to  their 
project,  2)  the  use  of  standard  scientific  methods  including  controls  and  replicates,  3)  how  they 
present  and  evaluate  data  and  ideas,  and  4)  how  well  they  interpret  their  results  and  relate  them  to 
their  original  hypothesis.  Judges  tend  not  to  reduce  their  evaluations  to  numbers  but  they  convert 
their  impressions  of  the  projects  into  a  ranking  which  is  discussed  with  other  judges  prior  to 
establishing  a  group  consensus.  This  method  works  very  well  and  is  easy  to  use.  However,  data 
indicates  that  the  number  of  science  fair  participants  in  some  parts  of  Virginia  is  decreasing  as  the 
Standards  of  Learning  are  emphasized.  It  may  be  that  the  issue  of  judging  techniques  will  become 
insignificant. 


A  RESPONSIVE  RESOURCE:  THE  SCIENCE  MUSEUM  OF  VIRGINIA.  David  B.  Hagan  & 
Patricia  D.  Fishback,  Science  Museum  of  Virginia,  2500  West  Broad  Street,  Richmond,  VA  23220. 
The  Science  Museum  of  Virginia  is  a  remarkable  institution  in  its  ability  to  respond  to  the  needs  of 
the  community.  A  staff  of  talented  educators  and  scientists  are  oriented  toward  service  under  the 
flag  of  science  education.  The  presentation  includes  many  examples  of  programs  from  the  diverse 
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array  of  educational  offerings  that  have  been  designed  to  meet  the  needs  of  specific  groups  including 
university  centered  courses,  in-school  enrichment  for  teachers  and  students,  mentoring  for  at-risk 
teens,  service  learning  and  special  teacher  programs. 


ACTION  RESEARCH:  PUTTING  THEORY  INTO  PRACTICE  AND  PRACTICE  INTO 
THEORY.  Dr.  Kelly  A.  Decker.  Fairfax  County  Public  Schools  and  George  Mason  University.  With 
a  national  focus  upon  teacher  professional  development,  action  research  is  one  way  to  contribute  to 
the  professional  development  of  teachers  and  the  professionalization  of  teaching.  The  National 
Science  Education  Standards  (National  Research  Council,  1996)  proposes  standards  for  the 
professional  development  of  science  teachers.  Support  for  teachers  as  researchers  is  evident  in  the 
standards.  Standard  B — Learning  to  Teach  Science  recommends  that  “teachers  use  inquiry, 
reflection,  interpretation  of  research  papers,  modeling,  and  guided  practice  to  build  understanding 
and  skill  in  science  teaching”  (p.  Ill- 12- 13).  Standard  C — Learning  to  Learn  suggests  that 
“opportunities  are  provided  to  learn  and  use  the  skills  of  research  to  generate  new  knowledge  about 
science  and  the  teaching  and  learning  of  science”  (p.  Ill- 18).  Therefore,  this  paper  recognizes  the 
essential  role  of  elementary  science  lead  teachers  in  school  reform  and  the  need  for  enabling 
conditions  for  these  types  of  teachers  to  engage  in  action  research  and  to  critically  examine  their 
practice  and  the  practice  of  others.  Discussion  will  also  focus  on  a  professional  development  course 
that  is  designed  to  develop,  support,  and  sustain  teachers  in  effective  leadership  roles  within  their 
school  environments. 


TEACHING  ENHANCED  BY  TECHNOLOGY:  ONE  NOVICE  TEACHER’S  EXPERIENCE 
WITH  INTEGRATING  TECHNOLOGY  INTO  SCIENCE.  'Jackie  McDonnough  &  ^Ryan 
Templeton.  ‘Department  of  Teaching  and  Learning,  VCU,  ^Chesterfield  County  Science  and 
Mathematics  High  School  at  Clover  Hill.  The  changes  brought  about  in  education  by  instructional 
technology  have  the  potential  to  inextricably  alter  instruction  within  the  next  generation.  These 
changes  though  far-reaching  cannot  be  fully  realized  unless  the  gatekeeper  of  education,  the 
classroom  teacher,  is  willing  to  embrace  these  transformations.  The  field  of  science  is  continuously 
changing  and  instructional  technology  can  be  used  as  a  valuable  tool  in  assisting  teachers  to  stay 
abreast  of  new  findings.  This  paper  will  document  one  novice  science  teacher’s  use  of  technology 
for  instructional  and  classroom  management.  Teaching  Enhanced  by  Technology  (TET)  offers  the 
novice  educational  technology  user  ways  to  begin  the  process  of  change  necessary  to  integrate 
technology  into  their  instruction. 


LEARNING  BIOLOGY:  A  GENDER  STUDY.  J.  Orion  Rogers  &  Trinity  S.  Breedlove,  Dept,  of 
Biol.,  Radford  Univ.,  Radford,  V A  24142.  Literature  surveys  reveal  that  biological  differences  exist 
between  male  and  female  brains,  more  kindergarten  boys  than  girls  wanted  to  be  scientists,  and  more 
males  than  females  pursue  science  majors.  A  biology  test,  the  Lips  Academic  Self-view  Survey 
(LASS)  and  five  self-assessment,  short-answer  questions  were  administered  to  23  tenth  grade 
students,  eight  males  and  fifteen  females,  at  Patrick  Henry  High  School.  Both  authors  obtained  NIH 
certification  to  conduct  research  with  human  subjects,  the  Radford  University  IRB  Committee  on 
Human  Subjects  Research  approved  this  research,  and  informed  consent  was  obtained  from  students 
and  parents.  Results  reveal  that  although  the  means  for  the  biology  test  scores  and  final  grades  were 
higher  for  females  than  males,  there  were  no  significant  differences  between  the  biology  test  means 
and  final  grades  of  males  and  females.  To  the  LASS  question  “Poor  in  Science”,  0%  of  males  and 
females  answered  “Definitely  Me”,  but  more  males  (25%)  than  females  (7.1%)  answered  “Mostly 
Me”,  and  more  females  (21.4%)  than  males  (12.5%)  answered  “Not  Me”.  To  the  question  “Enjoy 
Learning  Science”,  12.5%  of  males  answered  “Definitely  Me”  compared  to  0%  of  females.  To  the 
question  “Pursuing  Studies  in  Life  Sciences”  12.5%  of  males  answered  “Definitely  Me”  compared 
to  6.7%  of  females. 
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FISH  CONSUMPTION  PATTERNS  OF  POPULATIONS  IN  VICINITIES  OF  LAKE  KASTORIA 
AND  LAKE  PAMVOTIS,  GREECE.  Eugene  G.  MaurakisF2  and  David  V.  Grimes^^  1  Science 
Museum  of  Virginia,  2500  W.  Broad  St.,  Richmond,  VA  24542,  ^School  of  Continuing  Studies, 
University  of  Richmond,  VA  23173,  and  3  Virginia  Department  of  Transportation,  Environmental 
Division,  1200  E.  Broad  St.,  Richmond,  VA  23219.  Objectives  are  to  establish  fish  consumption 
patterns  of  populations  in  vicinities  of  two  lakes  (Kastoria  and  Pamvotis)  in  Greece  for  use  in 
assessing  risks  associated  with  consumption  of  fishes  in  these  agri-chemically  impaired  lakes. 
Results  are  discussed  for  four  gender-age  groups  (134  adult  and  youth  males  and  females)  relative 
to  survey  questions:  demographics  [i.e.,  gender,  age,  weight,  education  level,  occupation,  residency, 
freshwater  fish  eating  frequency,  fishes  consumed  (species  and  sizes),  fish  consumption  habits  [i.e., 
quantity,  parts,  and  preparation  method.  Selection  of  fish  species  was  based  on  freshwater  fish 
eating  preference,  species  availability  per  lake,  and  ecological  feeding  type:  food  chain  position 
(predator,  prey);  feeding  type  (i.e.,  carnivore,  herbivore,  omnivore),  and  feeding  position  (e.g. 
bottom)  Funded  by  the  Thomas  F.  Jeffress  and  Kate  Miller  Jeffress  Memorial  Trust,  Science 
Museum  of  Virginia,  and  University  of  Riclimond. 


ASSESSMENT  OF  HUMAN  HEALTH  RISKS  FROM  CHEMICALLY  CONTAMINATED  LAKE 
FISHES  IN  GREECE.  David  V.  Grimes f2  and  Eugene  G.  Maurakis^^^  ^Virginia  Department  of 
Transportation,  Environmental  Division,  1200  E.  Broad  St.,  Richmond,  VA  23219,  ^School  of 
Continuing  Studies,  University  of  Richmond,  VA  23173  and  ^Science  Museum  of  Virginia,  2500 
W.  Broad  St.,  Richmond,  VA  24542.  Objective  is  to  conduct  a  screening  level  survey  of  locally 
consumed  fish  tissues  in  vicinities  of  two  lakes  (Kastoria  and  Pamvotis)  in  Greece  to  determine  the 
presence  of  halogenated  organic  compounds  and  determine  carcinogenic  and  non-carcinogenic 
human  health  risks  associated  with  the  consumption  of  sampled  fish  tissues.  Results  estimate  the 
Incremental  Lifetime  Cancer  Risks  (ILCR)  and  Health  Index  (HI)  values  for  the  two  local 
populations  using  site-specific  population  data.  These  results  were  compared  to  analyses  conducted 
using  U.S.  Environmental  Protection  Agency  default  values  in  an  effort  o  determine  their 
applicability  to  assessments  of  risks  in  non  U.S.  populations.  Funded  by  the  Thomas  F.  Jeffress  and 
Kate  Miller  Jeffress  Memorial  Trust,  Science  Museum  of  Virginia,  and  University  of  Richmond. 


CHARACTERIZATION  OF  BACTERIA  FROM  A  SOLAR  SALTERN  IN  PUGLIA,  ITALY.  C.L. 
Milstead,  K.  Ku,  C.D.  Litchfield.  Dept.  Environmental  Sciences  and  Policy,  George  Mason  Univ., 
and  Oakton  High  School.  Many  halophilic  organisms  are  known  to  thrive  in  high  saline 
environments,  aiding  in  the  evaporation  of  the  water  by  their  natural  metabolic  activities.  This  study 
examined  the  diversity  and  characterization  of  the  halophilic  microorganisms  that  were  isolated 
from  four  different  salt  concentrations  (5.1,  15.7,  20.2,  and  28)  in  the  Salina  Margherita  di  Savoia 
in  Italy.  Serial  dilutions  were  performed  for  each  sample  and  were  plated  on  four  different  media 
with  four  different  salt  concentrations  (16  different  media  per  sample).  Growth  was  recorded  as  the 
total  colony  forming  units  (TCFU)  as  well  as  the  colony  size  and  color;  reactions  to  gram  stain, 
motility,  catalase  and  Ko vac’s  oxidase,  and  whether  the  organisms  had  the  ability  to  reduce  nitrate 
to  nitrite.  Oxidative  or  fermentative  metabolism  was  noted  according  to  the  Hugh  Liefson  test  on 
glucose,  lactose,  fructose,  sucrose,  and  mannose.  Cultures  were  also  tested  for  their  sensitivity  to 
penicillin,  chloramphenicol,  rifampicin,  streptomycin,  nalidixic  acid,  erythromycin,  kanamycin,  and 
ampicillin.  Lipids  were  extracted  for  thin-layer  chromatography  to  distinguish  Bacteria  from 
Archaea.  The  resulting  data  were  analyzed  using  the  Simple  Matching  Similarity  Coefficient  to 
separate  the  different  clades  in  the  almost  100  strains  studied. 


IMPACT  OF  LAND  USE  ON  FECAL  COLIFORM  LEVELS  IN  SURFACE  WATERS  OF 
FAIRFAX  COUNTY,  VIRGINIA.  Judith  A.  Buchino,  Department  of  Environmental  Science  and 
Policy,  George  Mason  University,  Fairfax,  VA  22030-4444.  The  purpose  of  this  research  is  to 
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investigate  the  problem  of  elevated  fecal  coliform  levels  in  surface  waters  of  Fairfax  County  and  to 
investigate  the  role  of  land  use  in  explaining  the  problem.  The  objectives  of  this  project  are  to 
provide  an  in  depth  analysis  of  the  Fairfax  County  Health  Department  monitoring  data,  both  the 
fecal  coliform  data  and  the  chemical  parameter  data  and  relate  them  to  land  use.  This  significant 
body  of  data  may  be  used  in  research  to  further  investigate  the  relationships  among  other 
environmental  data  sets,  particularly  land  use,  precipitation,  and  imperviousness.  This  data  set  has 
been  underutilized  as  a  source  of  information  about  water  quality  beyond  the  immediate  public 
health  concerns.  Making  full  use  of  this  data  set  presents  an  opportunity  for  groundbreaking  research 
with  practical  applications.  The  methodological  approach  is  to  develop  a  statistical  model  for  each 
watershed.  Multiple  regression  models  are  used  to  explain  fecal  coliform  levels  using  water  quality 
and  environmental  variables  as  explanatory  variables.  The  results  of  this  research  can  be  used  to 
enlighten  the  community  on  the  importance  of  land  use  and  its  impact  on  water  quality  and  to 
provide  guidance  to  watershed  managers,  urban  planners,  and  other  government  officials  for  water 
quality  implementation  plans  and  land  use  management. 


DETERMINING  POPULATION  STRUCTURE  OF  ESTUARINE  BOTTLENOSE  DOLPHINS  IN 
SOUTHEASTERN  VIRGINIA  Kevin  M  Foss  &  James  R  Reed,  BCES  Dept.,  Christopher  Newport 
University,  Newport  News,  VA  23606.  The  Elizabeth  and  Lower  James  Rivers  represent  a  unique 
habitat  for  bottlenose  dolphins  {Tursiops  truncatus).  This  species  is  migratory  in  this  area,  appearing 
in  late  spring  through  fall.  Our  studies  were  undertaken  from  May  to  August  2000,  January  through 
December  2001  and  May  through  November  2003.  Photoidentification  allowed  for  population 
estimates  to  be  made.  In  addition  to  manual  matching  of  individuals,  the  program  FinScan  was  used 
to  increase  the  efficiency  of  the  matching  process.  Many  of  the  animals  identified  have  been 
matched  with  catalogs  from  North  Carolina  and  are  seen  in  winter  there.  Our  population  estimates 
show  a  population  of  approximately  700  animals,  which  use  the  area  in  small  groups  for  short 
periods  only.  The  sighting  probability  peaks  in  mid  to  late  summer.  The  size  of  the  groups  is  larger 
than  seen  along  the  oceanic  waters,  and  significantly  larger  than  those  found  in  the  southern  resident 
stocks.  The  group  size  varies  over  the  season,  with  a  single  or  pairs  of  animals  seen  in  the  first  two 
months,  and  a  peak  of  40  in  July.  The  annual  mean  group  size  is  25. 1 1 .  The  percentage  of  neonates 
sighted  falls  within  the  species  mean,  indicating  a  reproductive  capacity  similar  to  other  stocks. 


EVALUATION  OF  A  CONSTRUCTED  WETLAND  MITIGATION  AREA  IN  SPOTSYLVANIA 
COUNTY,  VIRGINIA.  Catherine  R.  Otey,  Michael  L.  Bass,  and  Laura  R.  Winter,  Department  of 
Environmental  Science  and  Geology,  Mary  Washington  College,  Fredericksburg,  VA.  As  part  of 
a  wetland  mitigation  performance  review  required  in  permits  issued  by  the  Virginia  Department  of 
Environmental  Quality  (VDEQ)  and  the  U.S.  Army  Corp  of  Engineers  (US ACE)  for  site  work 
disturbance  of  wetland  areas  associated  with  the  construction  of  a  large  business  and  commercial 
park,  a  woody  stem  count  was  completed  in  the  Summer  of  2002  and  2003.  Comparison  of  the 
number  of  trees  in  each  section  and  the  total  trees  per  acre  showed  a  dramatic  increase  in  2003  over 
trees  counted  in  2002.  The  entire  2.07  acres  was  grided-off  into  20x20  ft  sections  and  the  trees  in 
each  grid  were  counted  and  identified.  Damage  to  parts  of  the  wetland  from  ATV  activity  prior  to 
Summer  2002  was  obvious.  The  tree  count  per  acre  in  2002  did  not  meet  the  required  400  trees  per 
acre.  In  2003  the  count  had  risen  to  695  trees  per  acre  putting  the  wetland  area  in  compliance. 
Herbaceous  wetland  species  in  2002  was  listed  at  23  and  in  2003  increased  to  50  species.  Water 
quality  data  indicated  pH  ranged  from  6.2  to  6.7  and  DO  near  saturation.  Performance  evaluation 
continues. 


IMPACT  OF  ROAD  CONSTRUCTIONON  WATER  QUALITY  PARAMETERS  IN  TWO 
SMALL  STREAM  TRIBUTARIES  OF  THE  RAPPAHANNOCK  RIVER.  Michael  L.  Bass, 
Timothy  A.  Jordan,  Department  of  Environmental  Science  &  Geology,  Mary  Washington  College 
and  Mary  Lou  Daniel,  Occoquan  Water  Quality  Monitoring  Lab  of  Va.  Tech.  As  part  of  a  continuing 
water  quality  monitoring  program  evaluating  the  impact  of  the  construction  of  a  large  commercial 
and  business  development  on  small  stream  tributaries  to  the  Rappaharmock  River,  water  quality 
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parameters  were  tested  seasonally.  This  report  compares  the  results  found  in  the  Summer  2001 ,  prior 
to  construction  with  those  found  in  Summer  2003  after  construction  activity  has  been  occurring  over 
a  year.  During  the  Summer  2001  the  area  had  been  in  an  extended  drought  condition,  however  the 
next  year  saw  frequent  heavy  rainfall  beginning  in  late  Spring  2002  and  continuing  thru  the  present. 
Because  the  rainfall  was  up  and  the  water  temperatures  were  lower  than  in  Summer  2001,  the  DO 
levels  were  higher  and  continued  to  be  above  70%  saturation.  Total  Suspended  Solids  were 
consistently  higher  in  the  upstream  stations  1,  2,  3,  and  4  that  were  most  directly  impacted  by  road 
construction  Phosphates  were  higher  while  nitrates  were  consistant.  Fecal  coliforms  were  higher 
at  stations  impacted  by  domestic  animals  with  direct  stream  access.  Evaluation  and  comparisons 
continue. 


EFFECT  OF  NEW  ROAD  CONSTRUCTION  ON  THE  MACROBENTHIC  COMMUNITIES  IN 
TWO  SMALL  STREAM  TRIBUTARIES  OF  THE  RAPPAHANOCK  RIVER.  Timothy  A.  Jordan, 
Michael  L.  Bass,  Emma  B.  Law  and  Robert  H.  Strickler,  Dept.  Environmental  Science  &  Geology, 
Mary  Washington  Coll.,  Fredericksburg,  VA.  This  study  assessed  the  ecological  damage  inflicted 
on  England  Run  and  the  Unnamed  Tributary  influenced  by  construction  of  the  Celebrate  Virginia 
project  in  Stafford  County,  VA.  Research  conducted  included  the  study  of  macrobenthic 
communities  and  water  chemistry  analysis  on  eight  stations  located  on  England  Run  and  the 
Unnamed  Tributary  based  upon  a  baseline  study  in  Summer  2001  versus  current  construction  in 
Summer  2003.  Metrics  of  analysis  included  the  Hilsenhoff  Family  Biotic  Index  (HBI),  the  percent 
EPT,  trophic  relationships,  and  population  distribution.  The  HBI  illustrates  the  amount  of  organic 
pollution  present,  where  all  stations  except  station  4  and  6  showed  a  decrease  in  water  quality. 
Similarly,  percent  EPT  as  a  measure  of  ephermeroptera,  plecoptera,  and  trichoptera  present  found 
significant  decreases  at  all  stations.  Trophic  analysis  provided  that  all  trophic  groups  were  present 
at  all  stations.  However,  population  distribution  among  all  stations  reveals  an  overall  thirty  percent 
decrease  in  number  of  organisms  collected.  Ecological  damage  has  occurred  and  is  evident  at  all 
stations  where  only  time  and  better  management  of  the  watershed  can  mend  the  damage  inflicted. 


Geography  &  Geology 

(Meeting  together) 

No  Abstracts  Submitted 


Materials  Science 

(concurrently  with  Astronomy,  Mathematics  &  Physics) 

MORPHOLOGY  OF  SILICIDE  NANO  WIRES  STUDIED  BY  ATOMIC  FORCE  MICROSCOPY. 
L.  Hussey.  M.  Sievert  &  A.  A.  Baski,  Dept,  of  Physics,  Virginia  Commonwealth  Univ.,  Richmond 
VA  23284-2000.  In  this  study,  we  use  Atomic  Force  Microscopy  (AFM)  to  study  gadolinium  (Gd) 
induced  nanowires  on  a  silicon  surface.  Gd  is  a  rare  earth  metal  that  has  been  shown  to  produce 
nanowires  on  silicon  surfaces.  Nanowires  are  nanoscale  structures  with  a  width  of  approximately 
4  nanometers  and  lengths  ranging  from  30-400  nanometers.  In  our  work,  Gd  is  deposited  on  a 
special  Si  crystal  orientation,  Si(l  13),  in  an  ultra-high  vacuum  chamber.  The  metal  is  evaporated 
from  a  filament  to  the  Si  surface  then  annealed  at  a  high  temperature  (600°C).  Samples  are  removed 
from  vacuum  for  AFM  study.  AFM  produces  topographical  images  of  surfaces  by  measuring  the 
forces  between  a  cantilever  and  sample.  Once  nanowires  are  located  on  the  surface,  a  series  of 
images  (2-100  pm)  are  taken  to  determine  nano  wire  size  and  density  as  a  function  of  Gd  coverage 
and  temperature.  (Supported  by:  National  Science  Foundation). 
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ATOMISTIC  SIMULATION  OF  HYSTERESIS  BEHAVIOR  OF  NI-TI  SHAPE-MEMORY 
ALLOY.  Robert  E.  Maior\  William  S.  Galinaitis^  &  Jason  D.  Powell',  Life  Sciences  Division 
(Department  of  Chemistry)'  and  Dept,  of  Mathematics^,  Ferrum  College,  Ferrum  VA  24088.  Shape 
memory  alloy  actuators  exhibit  positioning  errors  due  to  the  hysteresis  effect.  In  NiTi,  the  hysteresis 
is  attributed  to  a  martensitic  phase  change  in  the  material  that  affects  its  total  energy.  Our  research 
developed  an  atomic-level  model  for  the  thermodynamic  processes  related  to  the  hysteresis  behavior 
of  NiTi  actuators.  Using  Accelrys  MS  Model,  we  constructed  molecular  models  of  the  twinned 
martensite,  strained  martensite  and  austenite  polymorphs  of  NiTi.  After  running  energy  calculations 
on  each  structure  using  the  DMol3  force  field,  we  found  that  the  energy  of  the  strained  martensite 
(2587  kJ/mol)  was  greater  than  that  of  the  twirmed  martensite  (2486  kJ/mol).  We  also  found  that 
the  austenite  structure  (2878  kJ/mol)  had  the  greatest  energy  as  expected.  Future  work  involves  the 
development  of  phase  transition  energy  profiles  for  each  transformation  to  determine  activation 
barriers.  This  study  was  funded  in  part  by  NSF,  VAS,  and  Ferrum  College. 


NONLINEAR  OPTICAL  PROPERTIES  OF  SILICA  NANOAEROGELS.  K.  Lee'.  J.  T.  Seo',  S. 
Ma',  P.  Muhoro',  B.  Tabibi',  S.  Kim^,  &  K.  Yoo^,  'Dept,  of  Physics,  Hampton  Univ.,  Hampton  VA 
23668,  ^Dept.  of  Chemical  Engineering,  Sogang  University,  Seoul  Korea.  Recently,  Silica 
nanoaerogels  (SNAs)  have  drawn  considerable  attention  in  nonlinear  optical  applications  of 
battlefield  enhancement  and  homeland  security  for  eye  and  sensor  protections.  Transparent, 
hydrophilic,  low-density  nanostructure  SNAs  were  synthesized  through  two-step  sol-gel  process  and 
low  temperature  supercritical  fluid  dry.  The  average  pore  size,  specific  surface  area  and  apparent 
density  of  SNAs  were  ~  40  nm  (mesopores),  ~  780  mVg,  and  ~  0.07  g/cm^,  respectively.  The 
colloidal  particle  in  polymer-like  SNAs  chain  was  estimated  to  be  ~  4  nm.  The  nonlinear  refraction 
coefficient  of  the  third-order  susceptibility  of  SNAs  was  estimated  to  be  ~  -1 .5  x  10''^  m^/W  (~  -3.67 
X  10'*^  esu)  by  a  single-beam  z-scan  spectroscopy  with  ~  1  ps  Ti:Sapphire  laser  at  ~  800  nm 
wavelength.  The  third-order  nonlinear  refraction  coefficient  of  nanostructure  SNAs  is  almost  five 
orders  larger  than  the  nonlinear  (j^)  refraction  of  bulk  material.  The  large  nonlinear  refraction  with 
high  nonlinear  figure  of  merit  (>  1 87)  of  SNAs  is  an  ideal  materials  property  for  nonlinear  optical 
applications  of  ultrafast  optical  power  limiting.  (Supported  by:  Army  Research  Laboratory,  Army 
Research  Office,  and  National  Science  Foundation). 


CALCULATION  FOR  A  NANOPARTICLE  DIELECTRIC,  THIN-FILM  CAPACITOR.  Gregory 
A.  Topasna,  Dept,  of  Physics  and  Astronomy,  Virginia  Military  Institute,  Lexington  VA  24450.  A 
capacitor  device  with  close-packed  dielectric  spheres  is  modeled.  One  conducting  electrode  is 
deposited  onto  the  upper-half  of  the  dielectric  spheres  and  the  other  is  a  flat  conductor  touching  the 
spheres.  Capacitance  density  expressions  for  the  cases  of  single  and  multiple  layers  show  an  increase 
above  that  of  the  parallel  plate  capacitor  that  has  the  same  dielectric  thickness.  The  largest  increase 
is  ~  23%  for  a  single  layer  of  spheres.  The  capacitance  density  decreases  as  the  number  of  sphere 
layers  increases,  eventually  approaching  the  capacitance  density  of  a  parallel  plate  capacitor  for  a 
large  number  of  spheres.  The  ratio  of  the  capacitance  density  of  the  spherical  dielectric  device  to  that 
of  the  parallel  plate  capacitor  is  independent  of  the  average  diameter  of  the  spheres  used  in  the 
device. 


SYNTHESIS  AND  OPTICAL  SPECTROSCOPY  OF  CdSe NANOCRYSTALS.  S.Ma'.  J.  T.  Seo', 
K.  Lee',  P.  Muhoro',  B.  Tabibi',  and  W.  Yu^,  'Dept,  of  Physics,  Hampton  Univ.,  Hampton  VA 
23668  and  ^Department  of  Chemistry,  Rice  Univ.,  Houston  TX  7725 1 .  Cadmium  Sellenide  (CdSe) 
semiconductor  nanocrystals  (NCs)  are  of  great  interest  in  optical  applications  of  optical  power 
limiters,  flexible  full  color  displays,  and  stimulated  emission  devices.  The  bandgap  and  emission 
tunability  of  CdSe  NCs  can  be  determined  by  simply  changing  the  size  of  NCs.  High  optical  quality 
CdSe  semiconductor  NCs  were  synthesized  with  chemical  colloidal  reactions  for  nonlinear  optical 
applications.  The  typical  average  of  TOPO-passivated  colloidal  CdSe  NCs  was  from  2  to  4.6  nm. 
Because  of  the  narrow  NCs  size  distribution,  the  absorption  spectra  had  a  strong  blue-shift,  and 
exhibited  discrete  features  because  of  transitions  coupling  electron  quantized  states.  The  nonlinear 
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absorption  and  nonlinear  refraction  of  an  extreme  low  concentration  (~3.2  x  10'’  mol/L)  of  CdSe 
NCs  in  toluene  were  evaluated  to  be  ~4.6  x  1 0''^  W/cm,  and  ~2  x  1 cmVW.  The  nonlinear  figure 
of  merit  of  CdSe  in  toluene  was  estimated  to  be  ~  0.58  at  ~  775  nm.  The  possible  physical  origins 
of  optical  nonlinearity  of  CdSe  NCs  are  two-photon  resonant  electronic  process,  one-photon 
resonant  electronic  process,  and  photoexcitation  of  free  carriers.  (Supported  by;  Army  Research 
Laboratory,  Army  Research  Office,  and  National  Science  Foundation). 


MECHANISTIC  SIMULATION  OF  POLYOXOMETALATE  ADSORPTION  ON  SILVER 
(AG(1 1 1))  SURFACES.  Jason  D.  PowelL  Life  Sciences  Division  (Dept,  of  Chemistry),  Ferrum 
College,  Ferrum  VA  24088.  Polyoxometalates  are  well  known  to  adhere  to  metal  surfaces  from 
acidic  aqueous  solution.  The  amorphous  surface  phase  a-PVT/Ag  is  formed  by  the  essentially 
irre  versible  adsorption  of  a-PVW,,  040^“  (PVT(5-))  molecules  on  the  Ag(l  1 1)  surface.  This  process 
was  modeled  as  a  random  sequential  adsorption  process  (RSA)  simulated  using  the  Monte  Carlo 
technique.  Adsorption  sites  were  chosen  randomly,  and  simple  nearest-neighbor  exclusion  was 
applied  to  determine  whether  adsorption  occurred  at  a  site.  When  a  molecule  was  placed  on  the 
lattice,  the  orientation  of  the  next  molecule  determines  the  closest  allowed  distance  of  approach. 
By  applying  periodic  boundary  conditions  on  a  128x128  hexagonal  lattice,  the  saturation  coverage 
of  PVT  molecules  was  determined  for  several  different  iterations.  The  resulting  saturation  coverage 
for  a  PVT/Ag  was  2.6x  10'^  molecules/cm^.  The  average  saturation  coverage  obtained  was  (4.29  ± 
0.04)x  10'^  molecules/cm^.  The  theoretical  coverage  was  significantly  larger  (by  a  factor  of  1 .7)  than 
the  experimental  saturation  coverage.  Presumably,  the  lower  coverage  observed  by  STM  can  be 
explained  by  electrostatic  repulsion.  This  study  was  funded  in  part  by  DOE  and  Ferrum  College. 


MICROSTRUCTURAL  CHANGES  IN  MICROELECTRONIC  THIN  FILM  CONDUCTORS 
WITH  CURRENT  FLOW.  K.  A.  Pushee,  K.  E.  Tinklepaugh  &  S.  C.  Matts,  Dept,  of  Physics,  Mary 
Washington  College,  Fredericksburg  VA  22401-5358.  As  thin  film  metallic  conductors  in 
microelectronic  devices  shrink  in  size,  they  are  subjected  to  increasingly  large  current  densities  (10^ 
to  10®  A/cm^).  A  larger  number  of  electrons  can  dislodge  the  atoms  that  line  a  film’s  grain 
boundaries  and  other  surfaces  through  momentum  transfer.  We  track  the  subsequent  material 
transfer  by  monitoring  early  surface  damage  and  roughening  in  40  pm  wide  A1  conductors  in  an 
effort  to  relate  the  damage  to  the  material’s  ionic  drift  velocity.  This  requires  the  use  of  a  unique 
sample  structure,  automated  electrical  testing  and  extensive  digital  image  analysis  of  optical 
micrographs.  The  analysis  of  data  collected  over  the  past  year  suggests  a  polynomial  dependence 
of  electromigration  damage  on  current  density  as  well  as  on  time  of  current  application.  The  former 
result  adds  to  the  body  of  data  suggesting  that  the  drift  velocity  is  not  linear  with  current  density  as 
was  once  thought.  The  latter  result  may  indicate  that  metal  movement  is  governed  initially  by 
surface  diffusion  followed  by  a  stronger  grain  boundary  diffusion  component.  If  ways  to  decrease 
the  drift  velocity  can  be  pinpointed,  device  longevity  can  be  enhanced.  The  theoretical 
underpinnings,  experimental  philosophy  and  results  as  well  as  laboratory  facilities  available  for  this 
task  will  be  presented. 


EXPERIMENTAL  SYNCHRONIZATION  OF  CHAOS  IN  DIODE  LASERS  WITH 
POLARIZATION-ROTATED  FEEDBACK  AND  INJECTION.  Karen  L.  Blackburn'.  Allison  R. 
Spain',  Katherine  J.  Babcock',  Jake  V.  Bennetf  &  David  W.  Sukow',  Dept,  of  Physics  and 
Engineering,  Washington  and  Lee  Univ.,  Lexington  VA  24450  and  Dept,  of  Math,  Computer 
Science,  and  Physics,  Roanoke  College,  Roanoke  VA  24153.  We  demonstrate  experimental  chaos 
synchronization  between  two  semiconductor  lasers.  The  transmitter  laser  is  driven  into  chaos  using 
time-delayed  optical  feedback  whose  linear  polarization  state  has  been  rotated  orthogonal  to  that  of 
the  transmitter’s  output.  Synchronization  of  the  receiver  is  accomplished  by  unidirectional  optical 
injection  also  using  a  polarization-rotated  beam.  Due  to  the  insensitivity  of  this  system  to  the  phase 
of  the  optical  field,  we  obtain  high-quality  synchronization  even  between  relatively  dissimilar  lasers 
and  over  a  wide  range  of  operating  conditions.  Time  series,  rf  spectra,  and  synchronization  plots 
of  the  data  demonstrate  the  chaos  synchronization,  confirmed  by  high  correlation  coefficients  of 
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0.85.  We  also  find  that  the  time  lag  of  the  receiver  laser  when  synchronized  is  longer  than  predicted 
theoretically,  leading  to  a  new  avenue  of  investigation.  This  work  is  supported  by  the  Virginia 
Academy  of  Science,  the  W.  M.  Keck  Foundation,  and  the  National  Science  Foundation. 


SPECTROSCOPY  OF  STIMULATED  RAMAN  SCATTERING  AND  RAMAN  LASER 
DEVELOPMENT  OF  BARIUM  NITRATE.  P.  Muhoro.'  B.  Tabibi,'  C.  Rankins,'  J.  T.  Seo,'  S. 
Ma,'  K.  Lee,'  and  Roopchan  Ramdon,^  'Department  of  Physics,  Hampton  Univ.,  Hampton,  VA 
23668  and  ^Dept.  of  Physics,  Benedict  College,  Columbia  SC.  Stimulated  Raman  scattering  (SRS) 
in  solid-state  materials  has  been  widely  studied  to  generate  new  optical  frequencies.  SRS  allows  the 
laser  frequency  to  be  changed  by  a  specific  frequency  shift  that  is  determined  by  the  spontaneous 
Raman  spectra  of  a  nonlinear  laser  material.  Crystalline  barium  nitrate  has  a  strong  Raman 
vibrational  mode  at  a  frequency  of  ~  1047  cm"'  at  room  temperature.  The  first  and  second  stokes  of 
barium  nitrate  were  at  ~  563  nm  and  ~  599  nm  by  exciting  with  a  frequency-doubled  Nd;  YAG  laser 
with  ~  6  ns  pulse  width.  Laser  performance  of  barium  nitrate  was  carried  out  using  a  Plano-concave 
laser  cavity.  An  uncoated  barium  nitrate  crystal  (10x10x5  mm^  Crystal  Associates)  was  pumped 
longitudinally  along  the  5-mm  dimension  in  a  cavity  consisting  of  a  curved  output  mirror  (r  =  Im, 
T  =  23.3%  at  563  nm,  R  =  98.5%  at  532  nm)  and  a  flat  mirror  (R  =  99.5  %  at  563  nm,  T  =  12.9% 
at  532  nm).  The  slope  efficiency  and  laser  threshold  of  barium  nitrate  Raman  laser  at  563  nm  were 
~  13%  and  ~  7  mJ. 


MODELING  A  PIEZOELECTRIC  ACTUATOR  USING  A  RATE  DEPENDENT  HYSTERESIS 
OPERATOR.  Dan  D.  DeJarnette  &  William  S.  Galinaitis,  Dept,  of  Math,  and  Comp.  Sci.,  Ferrum 
College,  Ferrum  VA  24088.  This  paper  presents  a  rate  dependent  hysteresis  model  for  a 
piezoceramic  stack  actuator.  The  model  uses  many  of  the  basic  concepts  associated  with  the 
classical  rate  independent  Preisach  operator.  However,  the  new  model  differs  significantly  from  the 
classical  approach  by  using  an  elementary  operator  that  exhibits  a  rate  dependent  behavior  versus 
the  rate  independent  response  of  the  standard  relay  operator.  For  this  work,  a  resistor-capacitor  (RC) 
circuit  model  is  used  for  the  elementary  operator  and  the  capacitive  charge  is  associated  with 
elemental  displacement.  The  time  dependent  displacement  of  the  actuator  is  then  represented  as  a 
function  of  the  total  capacitive  charge  that  results  from  the  cumulative  effect  of  charging  and 
discharging  a  large  number  of  elemental  capacitive  circuits.  The  capability  of  the  rate  dependent 
actuator  model  is  investigated  by  developing  a  discrete  approximation  to  the  continuous  operator 
in  a  manner  similar  to  the  discrete  form  of  the  Preisach  operator.  Experimental  data  are  then  used 
to  identify  the  relay  parameters  and  additional  data  collected  at  several  input  rates  are  used  to  test 
the  model’s  behavior.  (Supported  by:  NSF  RUI  0105190). 


STIMULATED  PHOTON-PHOTON  SCATTERING  IN  VACUUM  FOUR- WAVE  MIXING.  IT 
Brown.  O.  Baker,  S.  Ma  &  J.  T.  Seo,  Dept,  of  Physics,  Hampton  Univ.,  Hampton  VA  23668. 
Quantum  electrodynamics  (QED)  predicts  the  existence  of  a  nonlinear  interaction  between 
electromagnetic  fields  in  vacuum.  The  vacuum  is,  in  fact,  a  polarizable  continuum.  The  nonlinearity 
effects  are  caused  by  the  vacuum  polarization.  Powerful  ultrafast  (femtosecond)  laser  pulses  provide 
an  opportunity  for  studying  QED  phenomena  in  intense  laser  beam  electromagnetic  fields  and  four- 
wave  nonlinear  optical  mixing  process  in  vacuum.  The  third-order  nonlinear  photon  scattering  in 
vacuum  by  the  interaction  of  three  intense  ultrafast  laser  beams  is  predicted.  We  have  theoretically 
approached  the  nonlinear  four-wave  mixing  in  vacuum  and  compared  with  the  nonlinear  effects  in 
a  medium. 


FABRICATION  OF  POLYMER-BASED  MICROFLUIDIC  DEVICES.  'A.  C.  Bonhivert,  'B.  H. 
Augustine,  ^W.  C.  Hughes,  'Dept,  of  Chemistry,  James  Madison  Univ.,  ^Dept.  of  Physics,  James 
Madison  Univ.,  Harrisonburg,  VA  22807.  The  development  of  microfluidic  devices  has  been  of 
great  interest  for  biomedical  devices  in  recent  years.  The  purpose  of  this  project  is  to  demonstrate 
a  methodology  to  produce  such  a  device  that  will  be  readily  manufacturable,  portable,  and 
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inexpensive.  Many  microfluidic  devices  reported  in  the  literature  are  fabricated  from  glass.  We  have 
developed  a  technique  to  produce  them  out  of  optical  grade  poly  methyl  methacrylate  (PMMA). 
This  has  many  potential  advantages  compared  to  glass  in  the  manufacturing  of  the  device.  We  have 
produced  devices  containing  a  100pm  wide,  50pm  deep,  and  4”  long  channel  that  allows 
approximately  1  mm^  of  rhodamine  fluorescent  dye  to  flow  through  using  capillary  action  or  along 
with  the  aid  of  a  pump  system.  Preliminary  electro  osmotic  flow  (EOF)  measurements  indicate  very 
low  EOF  due  to  the  hydrophobic  surfaces  in  PMMA.  These  devices  have  potential  application  in 
DNA  separation.  We  will  discuss  the  possibilities  of  making  a  more  efficient  device  and  treating  the 
interior  surface  of  the  channel  so  that  components  of  a  fluidic  sample  can  be  separated.  This  work 
partially  funded  by  NSF  REU  grant  DMR-0097449. 


Poster  Session 

UNDERGRADUATE  RESEARCH  IN  LASER  OPTICS  AND  THIN  FILMS  AT  THE  VIRGINIA 
MILITARY  INSTITUTE.  Daniela  Marciu  Topasna.  Stacey  K.  Vargas  &  Gregory  A.  Topasna, 
Dept,  of  Physics  and  Astronomy,  Virginia  Military  Institute,  Lexington  VA  24450.  The  Virginia 
Military  Institute  (VMI)  is  currently  in  an  aggressive  movement  to  enhance  and  encourage 
undergraduate  research.  As  a  result  of  this  research  initiative,  VMI  has  invested  significantly  to 
develop  a  laser  optics  and  a  thin  films  research  facility  to  support  undergraduate  as  well  as  faculty 
research  in  the  Department  of  Physics  and  Astronomy.  In  the  department,  the  initiative  is  also  aimed 
at  educating  and  training  cadets  with  skills  and  knowledge  in  the  field  of  optics  and  thin  films  that 
will  be  applicable  and  marketable  in  their  future  military  or  civil  careers.  The  equipment  in  both 
laboratories  includes  pulsed  Nd:YAG  laser  with  frequency  doubling  and  tripling  capabilities,  dye 
laser  system  and  air-cooled  argon  ion  laser,  materials  microscope.  Atomic  Force  and  Scanning 
Tunneling  Microscopes,  Thin  Film  Measuring  System,  and  UV/VIS/NIR  spectrophotometer.  We 
have  ongoing  research  projects  involving  faculty  and  cadets  in  the  areas  of  laser  spectroscopy  of  rare 
earth  and  transition  metal  doped  garnets,  organic  thin  films  applications  for  optical  limiting  and 
electro-optic  devices,  and  thin  film  electronic  devices. 


Medical  Science 

SYNERGISTIC  EFFECTS  BETWEEN  SUBCUTANEOUS  CLONIDINE  AND  YC-30  IN  THE 
TAIL-FLICK  ASSAY.  S.  Young.  A.  Wesolowska  &  M.  Dukat,  Department  of  Medicinal 
Chemistry,  Virginia  Commonwealth  University,  Richmond  VA  23298.  Previously  we  showed  that 
weto-chlorophenylguanidine  (MD-354)  displays  equipotent  affinities  for  serotonin  5-HT3  receptors 
(K|=35  nM)  and  a2B-adrenergic  receptors  (a2B-AR)  (Kj=25  nM),  but  somewhat  lower  affinity  for 
a2A-  and  a2c-ARs.  Both  5-HT3  and  a2-adrenergic  receptors  have  been  implicated  as  playing  a  role 
in  pain.  Even  though  (s.c.)  MD-354  did  not  produce  antinociception  in  the  mouse  tail-flick  assay, 
a  combination  of  an  inactive  dose  of  the  analgesic  agent  clonidine  (0.25  mg/kg,  MPE=13%)  with 
an  inactive  dose  of  MD-354  (10  mg/kg,  MPE=8%)  potentiated  (MPE=83%)  the  antinociceptive 
effects  of  clonidine.  In  order  to  understand  the  potentiation  mechanism  of  clonidine  by  MD-354,  an 
analog  with  a  different  binding  profile  was  synthesized  and  examined.  YC-30  (3,4,5- 
trichlorophenylguanidine)  displays  50  times  higher  affinity  for  5-HT3  receptors  than  MD-354  and 
no  selectivity  among  a2-adrenergic  receptors.  In  the  mouse  tail-flick  assay,  YC-30  (0.003  -  30 
mg/kg)  failed  to  produce  antinociception  but  it  was  300  times  more  potent  than  MD-354  in 
potentiating  the  antinociceptive  effects  of  an  inactive  dose  of  clonidine.  [American  Cancer  Society 
IRG-73-001-28] 


AGING  CAUSES  ELEVATED  INTRACELLULAR  CALCIUM  LEVELS  AND  ALTERED 
CALCIUM  HOMEOSTATIC  MECHANISMS  IN  HIPPOCAMPAL  NEURONS.  L.S.Deshnandeh 
M.Raza^  R.E.Blair^,  S.Sombati^  &  R.J.DeLorenzo’’  ^  Depts.  of  Pharmacology-Toxicology', 
Neurology^  Virginia  Commonwealth  University,  Richmond,  VA.  Aging  is  associated  with  increased 
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vulnerability  to  neurodegenerative  diseases  and  greater  neuronal  deficits  after  stroke  and  epilepsy. 
Recent  evidence  demonstrates  increased  expression  of  voltage  gated  calcium  channel  proteins  and 
associated  currents  with  aging.  However,  a  direct  comparison  of  [Ca^^Jj  levels  and  Ca^^ 
homeostatic  mechanisms  in  neurons  acutely  isolated  from  young  and  old  animals  has  not  been 
performed.  In  this  study  using  Fura-2  Ca^^  imaging,  we  demonstrate  that  in  comparison  to  young 
neurons,  older  neurons  manifest  statistically  significant  elevations  in  [Ca^"^];  levels.  There  appears 
to  be  an  apparent  shift  towards  higher  [Ca^^];  levels  in  older  neurons.  When  challenged  with  a  [Ca^^]; 
load  (50pM  glutamate,  1-min),  older  neurons  took  longer  to  remove  the  excess  [Ca^"^]j,  indicative 
of  altered  Ca^^  homeostatic  mechanisms.  These  results  demonstrate  that  older  neurons  manifest  both 
increased  [Ca^^Jj  and  altered  Ca^^  homeostatic  mechanism.  These  alterations  in  calcium  dynamics 
may  render  older  neurons  more  vulnerable  to  brain  injury  and  neuronal  cell  death.  Support:  Milton 
L.  Market  Alzheimer’s  disease  Research  Fund  to  RJD. 


LEUKOCYTE  RECRUITMENT  AND  CDNA  MACROARRAY  ANALYSIS  OF 
INFLAMMATORY  GENE  EXPRESSION  IN  INTERLEUKIN-3  DEFICIENT  AND  WILD-TYPE 
MICE  DURING  ACUTE  PERITONITIS.  Ju-Han  Chang  &  Chris  S.  Lantz,  Dept,  of  Biol.,  James 
Madison  Univ.,  Harrisonburg,  VA  22807.  Inflammation  is  a  complex  protective  response  to 
infection  or  tissue  injury  involving  accumulation  of  white  blood  cells  (WBCs),  plasma  proteins,  and 
fluid.  Acute  peritoneal  inflammation  can  be  induced  in  mice  by  injection  of  zymosan,  a  cell  wall 
component  of  Saccharomyces  cerevisiae.  Zymosan-induced  inflammation  is  associated  with 
cytokine  production,  complement  activation,  and  mast  cell  activation,  and  is  characterized  by  a  rapid 
influx  of  WBCs  from  the  circulation  into  the  peritoneal  cavity.  To  investigate  the  role  of  interleukin- 
3  (IL-3)  in  this  model  of  acute  inflammation,  IL-3  -/-  and  +/+  mice  were  injected  I.P.  with  zymosan 
or  with  PBS  as  a  control.  4  hrs  later,  peritoneal  cells  were  collected,  total  WBC  counts  performed, 
and  pooled  samples  of  total  RNA  used  for  analysis  of  gene  expression  by  macroarray.  We  found  that 
several  inflammatory  genes  (CXCR-2,  IL- 1  p,  IL- 1 R2,  MIP- 1  a,  MIP- 1  p,  and  IP- 1 0)  are  up-regulated 
following  stimulation  with  zymosan;  however,  no  differences  exist  between  IL-3  -/-  and  IL-3  +/+ 
mice.  Likewise,  IL-3  -/-  and  +/+  mice  showed  equivalent  zymosan-induced  elevations  in  total 
peritoneal  WBC  numbers. 


A  MUTATION  INACTIVATING  THE  MITOCHONDRIAL  INNER  MEMBRANE  FOLATE 
TRANSPORTER  CREATES  A  GLYCRJE  REQUIREMENT  FOR  SURVIVAL  OF  CHINESE 
HAMSTER  CELls.  E.A.  McCarthy.  S.M.  Taylor,  C.  Jackson-Cook,  and  R.G.  Moran.  Virginia 
Commonwealth  University,  Richmond,  VA  23298.  A  mutant  Chinese  hamster  ovary  cell  line,  glyB, 
which  required  exogenous  glycine  for  survival  and  growth,  was  previously  reported  by  Kao  et  al 
(1969).  We  now  report  that  the  defect  in  glyB  cells  causative  of  this  phenotype  is  a  point  mutation 
in  an  inner  mitochondrial  membrane  protein  required  for  transport  of  folates  into  mitochondria.  The 
single  nucleotide  change  identified  in  glyB  cDNA  introduced  a  glutamate  residue  in  place  of  glycine 
found  in  wild-type  mft  at  codon  192.  Transfection  of  the  wild  type  hamster  cDNA  into  glyB  cells 
allowed  cell  survival  in  the  absence  of  glycine  and  the  accumulation  of  folates  in  mitochondria; 
transfection  of  the  Glul92  cDNA  did  not.  Genomic  sequence  analysis  and  fluorescence  in-situ 
hybridization  demonstrated  a  single  mutated  allele  of  the  mft  gene  in  glyB  cells.  We  conclude  that 
we  have  defined  the  cause  of  the  glyB  auxotrophy  and  that  the  glyB  mft  mutation  identified  a  region 
of  this  mitochondrial  folate  carrier  vital  to  its  transport  function. 


T  CELLS  EXPOSED  TO  2,3,7,8-TETRACHLORODIBENZO-j9-DIOXIN  (TCDD)  UNDERGO 
APOPTOSIS  AND  FAIL  TO  REPLICATE  FOLLOWING  SUPERANTIGEN  CHALLENGE.  U 
FaulconeU.  1.  Camacho^  M.  Nagarkatti'  &  P.S.  Nagarkatti^  'Dept,  of  Microbiol.  &  Immunol,  and 
^Dept.  of  Pharmacol.  &  Toxicol.,  Virginia  Commonwealth  University,  Richmond,  VA  23298.  The 
mechanism  by  which  TCDD,  an  environmental  pollutant  decreases  immune  response  is  not  clear. 
This  study  investigated  division  of  TCDD-exposed  T  cells  activated  with  staphylococcal  enterotoxin 
A  (SEA)  by  labeling  with  5,6-carboxyfluorescein  diacetate  succinimidyl  ester  (CFSE).  Vp3A/pi  1 
expression  was  used  to  identify  SEA-responsive  T  cells  and  TUNEL  assay  to  detect  apoptosis. 
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C57BL/6  mice  were  injected  with  TCDD  i.p.  followed  by  SEA  into  hind  foot  pads.  Draining  lymph 
nodes  (LN)  were  harvested  on  days  1  -4  and  analyzed  following  in  vitro  culture.  Results  showed  that 
TCDD-exposed  lymphocytes  exhibited  reduced  cell  divisions,  even  after  reactivation  in  vitro. 
TCDD  exposure  decreased  the  percentage  and  total  numbers  of  Vp3+  and  Vpil+  T  cells  and 
increased  the  levels  of  apoptosis  in  these  cells.  These  data  demonstrate  that  TCDD-induced 
apoptosis  in  SEA-activated  T  cells  in  vivo  may  account  for  decreased  cell  division  and  a  consequent 
immunosuppression.  (This  work  was  supported  in  part  by  grants  from  NIH  AI053703,  AI058300, 
&  ES09098) 


ANALYZING  LOCAL  CORN  AND  SOY  CONSUMER  FOOD  PRODUCTS  FOR  PREVALENCE 
OF  CRY  1  AND  CP4  EPSPS  PROTEINS.  Consuelo  J.  Alvarez  and  Adrienne  R.  Hampton.  Dept, 
of  Nat.  Sci.,  Longwood  Univ.,  Farmville  VA,  23909.  Genetically  modified  corn  and  soy  seeds  have 
been  approved  for  food  and  feed  by  the  USDA  in  the  1990’s.  Product  labels,  however,  are  not 
required  to  inform  potential  consumers  that  the  food  contains  genetically  modified  components. 
Though  no  allergic  reactions  to  Cryl  or  CP4  EPSPS  proteins  have  been  reported,  concerns  have 
arisen  regarding  regulatory  measures  applied  to  genetically  modified  foods  and  has  became  the 
focus  of  novel  investigations.  The  goal  of  this  research  is  to  begin  a  data  bank  of  locally  available 
foods  exhibiting  the  genetic  modifications  conferred  by  Cryl  gene  from  Bacillus  thuringiensis 
coding  for  6-endotoxins  with  specific  pesticidal  activity  or  by  the  gene  encoding  CP4  EPSPS  protein 
of  Agrobacterium  with  resistance  to  herbicides.  The  data  bank  will  serve  as  a  resource  for  consumer 
education  and  future  reference  should  food  allergies  be  reported.  Polymerase  Chain  Reaction,  which 
requires  samples  of  DNA  from  the  foodstuff  being  analyzed,  is  used  to  detect  the  Cryl  and  CP4 
EPSPS  genes.  To  date,  DNA  has  been  successfully  extracted  from  15  out  of  29  corn  and  soy 
samples.  Genetic  modifications  have  been  found  in  2  of  the  9  corn  samples  and  in  1  of  the  6  soy 
samples. 


THE  SYNERGISTIC  INTERACTION  BETWEEN  S-UT,  ANTAGONISTS  AND  CLONIDINE  ON 
SPINALLY-MEDIATED  ANALGESIA  IN  MICE.  A.  Wesolowska  &  M.  Dukat,  Department  of 
Medicinal  Chemistry,  Virginia  Commonwealth  University,  Richmond,  VA  23298.  m- 
Chlorophenylguanidine  (MD-354)  binds  equally  well  at  serotonin  5-HT3  (Kj=35  iiM)  and  a^Q- 
adrenergic  (Ki=25  nM)  receptors.  Both  receptors  have  been  implicated  as  playing  a  role  in 
antinociception.  Although,  MD-354  (s.c.)  was  inactive  as  an  analgesic  in  the  tail-flick  assay  in  mice, 
a  combination  of  an  inactive  dose  of  the  antinociceptive  agent  clonidine  (0.25  mg/kg,  MPE=13%) 
with  an  inactive  dose  of  MD-354  (10  mg/kg,  MPE=8%)  produced  a  supra-additive  antinociceptive 
effect  (MPE=83%).  In  consideration  of  the  5-HT3  partial  agonist  properties  of  MD-354,  it  was  of 
interest  to  determine  if  the  potentiating  effect  of  MD-354  on  clonidine  is  associated  with  its  5-HT3 
agonist  or  antagonist  activity.  Due  to  a  lack  of  brain-penetrant  5-HT3  agonists,  combinations  of  an 
inactive  dose  of  clonidine  with  available  5-HT3  antagonists  (s.c.)  (tropisetron  and  zacopride)  were 
examined.  Tropisetron  (0.2  mg/kg,  MPE=0%)  and  zacopride  (0.01  mg/kg,  MPE=4%)  potentiated 
the  antinociceptive  effect  of  clonidine  (MPE=71%  and  82%,  respectively),  suggesting  that  MD-354 
potentiates  the  analgesic  actions  of  clonidine  at  least  in  part  through  a  5-HT3  antagonist  mechanism. 
[American  Cancer  Society-IRG-73-001-28] 


FUNCTIONAL  PLASTICITY  OF  CANNABINOID  RECEPTORS  IN  THE  RAT  PILOCARPINE 
MODEL  OF  ACQUIRED  EPILEPSY.  Katherine  W.  Falenski'.  Robert  E.  Blair^,  Laura  J.  Sim- 
Selley',  Billy  R.  Martin',  &  Robert  J.  DeLorenzo’’  ^  Depts.  Of  Pharmacology/Toxicology'  & 
Neurology",  Virginia  Commonwealth  University,  Richmond,  VA.  Recent  studies  have  shown  that 
the  cannabinoid  receptor  is  plastic  in  a  rat  model  of  epilepsy  as  measured  by  significant  long-term 
increases  in  region-specific  hippocampal  CB,  receptor  protein  expression.  However,  it  has  not  been 
addressed  whether  there  are  subsequent  alterations  in  functional  receptor  G-protein  coupling. 
Therefore,  we  utilized  WrN55,212-stimulated  [^^SjGTPyS  autoradiography  to  assess  CB, -receptor- 
mediated  G-protein  activation.  Analysis  revealed  that  [^^SJGTPyS  binding  in  whole  hippocampus 
was  significantly  greater  in  epileptic  rats.  It  was  also  shown  that  [^^SjGTPyS  binding  decreased  in 
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the  dentate  gyrus  molecular  layer,  while  binding  in  the  stratum  radiatum  of  CA1-CA3  increased. 
These  results  indicate  that  epilepsy  causes  long-term  plasticity  changes  in  both  the  expression  and 
function  of  the  CBj  receptor.  The  plasticity  of  the  CB,  receptor  during  epilepsy  may  play  a  crucial 
role  in  the  anticonvulsant  nature  of  cannabinoids  and  the  role  of  this  receptor  in  the  pathophysiology 
of  epilepsy.  Support:  RO1-NS23350,  P50-NS25630,  DA05274 

MECHANISMS  OF  IL-2-INDUCED  VASCULAR  LEAK  SYNDROME.  Louise  Melencio'. 
Prakash  S.  Nagarkatti'  &  Mitzi  Nagarkatti'^,  Depts  of  ‘Pharmacology/Toxicology  and 
^Micro/Immuno,  VCU,  Richmond,  VA.  23298.  IL-2  is  used  to  treat  melanomas  and  metastatic  renal 
cell  carcinomas.  IL“2  immunotherapy  is  highly  effective  in  about  25%  of  patients,  while  in  others, 
it  induces  severe  toxicity  resulting  in  Vascular  Leak  Syndrome  (VLS),  edema  and  respiratory 
distress.  We  wanted  to  explore  why  these  differential  responses  occurred  by  using  a  murine  model. 
Two  strains  of  mice,  Balb/c  and  C57BL/6,  were  treated  with  high  doses  of  IL-2  and  their  responses 
were  compared.  Balb/c  mice  developed  less  VLS  and  exhibited  decreased  lymphokine  activated 
killer  (LAK)  cell  activity  against  endothelial  cells  and  YAC-1  tumor  cells  when  compared  to 
C57BL/6  mice.  IL-2  treatment  led  to  increased  CD8+  and  CD4+  T  cells  in  both  strains.  Also,  in 
Balb/c  mice,  there  was  a  marked  increase  in  CD4-i-CD25-i-  T  cells  known  as  T  regulatory  cells. 
Furthermore,  C57BL/6  had  greater  upregulation  of  CD44  expression  following  IL-2,  which  has  been 
implicated  in  endothelial  cell  injury  leading  to  VLS.  Overall,  the  current  study  suggests  that  there 
are  strain  specific  differences  in  IL-2  induced  toxicity  in  mice,  which  may  explain  the  differential 
response  observed  in  patients  (NIH  Support:  AI053703,  AI058300,  HL058641). 


THE  S-HTg  ANTAGONIST  MS-245  MODULATES  THE  DISCRIMINATIVE  STIMULUS 
EFFECTS  OF  (+) AMPHETAMINE.  Tatiana  S.  Bondareva.  Manik  R.  Pullagurla,  Richard  Young 
&  Richard  A.  Glennon,  Department  of  Medicinal  Chemistry,  Virginia  Commonwealth  University, 
Richmond,  VA  23298.  5-HT6  serotonin  receptors,  often  found  associated  with  dopaminergic 
terminals  in  brain,  might  play  a  role  in  the  action  of  antipsychotics,  appetite  control,  and  in  cognitive 
dysfunction.  It  had  been  shown  in  biochemical  studies  that  5-HT6  antagonists  potentiate  the  effect 
of  (-i-)amphetamine,  but  produce  no  amphetamine-like  effect  themselves.  In  order  to  determine  if 
such  findings  could  be  extended  to  the  stimulus  properties  of  dopaminergic  agents,  we  examined 
the  effect  of  MS-245  in  rats  trained  to  discriminate  (+)amphetamine  (1.0  mg/kg;  ED50  =  0.3  mg/kg) 
from  saline  vehicle.  MS-245,  an  agent  developed  in  our  laboratories,  is  one  of  the  few  available  5- 
HTg  antagonists.  MS-245  failed  to  substitute  for  (+)amphetamine  in  stimulus  generalization  tests. 
However,  MS-245  potentiated  the  stimulus  effects  of  0.3  mg/kg  (i.e.,  the  ED50  dose)  of 
(+)amphetamine  such  that  the  combination  resulted  in  stimulus  generalization.  S-HT^  antagonists 
in  combination  with  low  doses  of  dopamine  releasing  agents  might  be  of  use  in  the  treatment  of 
Parkinson’s  disease  while  at  the  same  time  reducing  the  side  effects  associated  with  dopamine 
agents.  [Supported  in  part  by  MH  60599] 


MAST  CELL  DEVELOPMENT  AND  PARASITE  IMMUNITY  IN  MICE  WITH  A 
SIMULTANEOUS  DISRUPTION  OF  IL-3  AND  IL-4R.  James  W.  Chumley,  Robert.P.  Stewart, 
and  Chris  S.  Lantz,  Dept,  of  Biol.,  James  Madison  Univ.,  Harrisonburg,  VA  22807.  Mice  infected 
with  the  gastrointestinal  nematode  Nippostrongylus  brasiliensis  {N.b.)  elicit  a  vigorous  T  cell 
mediated  immune  response  that  is  characterized  by  elevated  IgE  levels,  eosinophilia,  and  an 
intestinal  mastocytosis.  It  has  been  shown  that  interleukin  (IL)-3  -/-  mice  express  defects  in  mast 
cell  development,  and  that  IL-4Ra  -/-  mice  display  impaired  immunity  to  infection  with  N.b.  We 
examined  the  individual  and  synergistic  roles  of  IL-3  and  IL-4  during  N.b.  infection  using  IL-3  -/-, 
IL-4R  -/-,  and  IL-3/  IL"4Ra  double-deficient  mice.  All  mice  were  infected  with  N.b.  and  parasite 
eggs  production  was  quantified  during  the  length  of  the  infection  in  order  to  assess  the  immune 
response.  As  expected,  IL-3  -/-  mice  expelled  the  parasites  relatively  early  following  infection, 
whereas  IL-4R  -/-  mice  and  IL-3/  IL-4Ra  double-deficient  mice  did  not  expel  their  parasites  and 
were  sacrificed  at  day  49.  No  differences  in  the  kinetics  of  egg  expulsion  were  detected  throughout 
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the  response.  This  finding  indicates  that  IL-4  has  a  much  more  profound  effect  on  parasite  expulsion 
than  does  IL-3,  and  that  IL-3  and  IL-4  do  not  mediate  redundant  functions. 


THE  EFFECT  OF  OVEREXPRESSION  OF  HEAT  SHOCK  FACTOR  1  (HSFl)  ON 
TELOMERASE  ACTIVITY  AND  TUMORIGENICITY.  Keith  Jensen*.  Lynne  Elmore2&  Shawn 
Holt'’^’^,  Departments  of  Human  Genetics'and  Pathology^,  Virginia  Commonwealth  University, 
Richmond,  VA.  It  has  been  shown  that  the  key  components  of  the  hsp90  chaperone  complex, 
including  hsp90,  p23,  hspVO,  hsp40,  and  HOP  (p60),  associate  with  telomerase;  however,  their 
specific  role  in  tumor  progression  has  yet  not  been  defined.  HSFl,  the  primary  heat  shock  protein 
transcription  factor,  may  affect  transformation  and  tumorigenesis  by  regulating  the  expression  of 
several  hsp90  chaperone  complex  proteins  in  response  to  stress.  In  our  in  vitro  model  of  prostate 
cancer  progression,  as  cells  convert  from  immortal  (P69)  to  tumorigenic  (M2 182)  and  eventually 
metastatic  (Ml 2)  capabilities,  both  telomerase  activity  and  global  chaperone  protein  levels  increase, 
while  mRNA  levels  of  core  telomerase  components  hTR  and  liTERT  remain  constant.  We  have 
shown  that  ectopic  overexpression  of  HSFl  induces  increased  expression  of  endogenous  hsp90. 
Furthermore,  telomerase  activity  in  the  overexpressing  HSFl  cell  lines  is  increased  as  well. 
However,  the  increased  telomerase  activity  does  not  correlate  with  increased  tumorigenicity,  as  these 
cell  lines  fail  to  grow  colonies  in  soft  agar. 


THE  S(+)-OPTICAL  ISOMER  OF  THE  DESIGNER  DRUG  MDMA  AS  A  DISCRIMINATIVE 
STIMULUS.  A.  Wesolowska.  R.  Young  &  R.  A.  Glennon,  Department  of  Medicinal  Chemistry, 
Virginia  Commonwealth  University,  Richmond,  VA  23298.  The  psychoactive  drug  MDMA 
(“Ecstasy”)  has  a  very  complex  and  still  unknown  pharmacological  mechanism  that  is  not  identical 
to  the  mechanisms  of  action  of  hallucinogens  or  central  stimulants.  Its  psychoactive  effects  may  also 
differ  from  those  of  its  optical  isomers.  To  characterize  the  actions  of  designer  drugs,  rats  were 
trained  to  discriminate  S(+)MDMA  (1.5  mg/kg)  from  saline.  All  agents  displayed  complete 
generalization  to  S(+)MDMA  with  ED50  doses  as  follows:  S(+)MDMA  (0.55  mg/kg),  (±)MDMA 
(0.90  mg/kg),  R(-)MDMA  (1.41  mg/kg),  S(+)MDA  (0.55  mg/kg),  R(-)MDA  (1.26  mg/kg), 
S(+)PMMA  (0.98  mg/kg),  R(-)PMMA  (1.95  mg/kg).  All  tested  agents,  regardless  of  what  other 
effects  they  might  produce  (MDA:  hallucinogen,  stimulant),  or  whether  they  lack  the  stimulant 
action  of  MDMA  (PMMA)  share  a  common  stimulus  component  of  actions.  Perhaps  stimulus 
differences  between  MDMA,  MDA  and  PMMA  are  most  notable  when  the  training  agent  is  either 
“purely  stimulant-like”  or  “purely  hallucinogen-like”.  [DA  01642] 


INTERACTIONS  OF  CANNABINOID  AND  SIP  RECEPTORS  AND  THEIR  LIGANDS.  M.P. 
Cassidy.  L.J.  Sim-Selley  and  D.E.  Selley,  Dept,  of  Pharmacology  &  Toxicology,  VCU,  Richmond 
VA  23284.  The  effects  of  D^THC,  the  psychoactive  component  of  marijuana,  are  mediated  by  CB, 
cannabinoid  receptors  in  brain.  CBj  receptors  are  also  activated  by  the  endogenous  lysolipid 
anandamide.  Similarly,  SIP  receptors  are  activated  by  the  lysolipid  SIP.  Both  receptors  produce 
intracellular  responses  by  activating  Gj/o  type  G-proteins.  The  present  studies  examined  potential 
interactions  between  CBl  and  SIP  receptors  and  their  ligands  in  brain.  G-protein  activation  was 
measured  by  agonist-stimulated  pSjGTPgS  binding.  Inhibition  of  adenylyl  cyclase,  a  downstream 
effector  of  Gj/^,  was  measured  by  agonist  inhibition  of  conversion  of  [^^PjATP  to  [^^PjcAMP. 
Results  in  cerebellum  show  that  CB,  receptors  produced  less  than  additive  stimulation  of 
[^^SjGTPgS  binding  with  SIP  receptors,  suggesting  convergence  on  the  same  pool  of  G-proteins. 
However,  unlike  CB,  receptors,  SIP  receptors  did  not  inhibit  forskolin-stimulated  adenylyl  cyclase 
in  this  region.  In  the  hippocampus  of  CB,  KO  mice,  cannabinoid  agonists  partially  inhibited  SIP 
stimulated  [^^SjGTPgS  binding  in  a  dose-dependent  manner,  but  this  effect  was  not  mediated 
through  SIP,  receptors  as  determined  in  a  SIP,  expressing  cell  line.  Conversely,  SIP  competed  for 
cannabinoid  ligand  binding  in  cerebellum,  but  not  in  CB,  or  CB2  expressing  cell  lines.  These  results 
suggest  that  S 1 P  and  endocannabinoids  may  act  in  part  through  a  common  lysolipid  receptor  in 
brain. 
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INSULIN  FEEDBACK  ALTERS  MITOCHONDRIAL  ACTIVITY  THROUGH  A  KATP- 
CHANNEL-DEPENDENT  PATHWAY  IN  MOUSE  ISLETS  AND  BETA-CELLS.  Craig  S. 
Nunemaker.  Min  Zhang,  &  Leslie  S.  Satin,  Dept,  of  Pharm/Tox,  VCU  Medical  Center,  Richmond, 
VA  23298.  Recent  work  suggests  that  insulin  may  exert  both  positive  and  negative  feedback 
directly  on  pancreatic  beta-cells.  To  investigate  insulin’s  effects  on  metabolism,  mouse  islets  and 
beta-cell  clusters  were  loaded  with  rhl23  to  dynamically  monitor  mitochondrial  membrane 
potential.  Acute  insulin  application  (100  nM)  increased  mitochondrial  activity.  The  KATP  channel 
opener  diazoxide  or  the  L-type  calcium  channel  blocker  nifedipine  mimicked  the  effect  of  insulin. 
Further,  treatment  with  forskolin,  which  increases  endogenous  insulin  secretion,  also  mimicked  the 
effect  of  applied  insulin,  suggesting  physiological  feedback.  Pretreatment  with  nifedipine  or  the 
KATP  channel  inhibitor  glyburide  prevented  the  insulin  effect,  suggesting  insulin  acts  along  a 
KATP  channel  pathway.  Together,  these  data  suggest  a  feedback  mechanism  whereby  insulin 
receptor  activation  opens  KATP  channels  to  close  calcium  channels  and  inhibit  further 
secretion.  The  resulting  reduction  in  beta-cell  calcium  increases  the  energy  stored  in  the 
mitochondrial  gradient  that  drives  ATP  production.  Insulin  feedback  onto  mitochondria  may  thus 
help  to  calibrate  the  energy  needs  of  the  beta-cell  on  a  minute-to-minute  basis. 


APOPTOSIS  AS  THE  PRIMARY  MECHANISM  OF  CANNABINOID-INDUCED 
IMMUNOSUPPRESSION.  Catherine  A.  Lombard’.  Prakash  S.  Nagarkatti^  &  Mitzi  Nagarkatti', 
’Dept  of  Microbiology  &  Immunology,  &  ^  Dept  of  Pharmacology  &  Toxicology,  VCU  Medical 
Center,  Richmond  VA  23298.  Delta-9-tetrahydrocannabinol  (THC)  and  other  cannabinoids  have 
been  shown  to  cause  immunomodulation  and  immunosuppression.  Studies  from  our  laboratory  have 
shown  that  THC  causes  immunosuppression  by  triggering  apoptosis  in  immune  cells,  suggesting  its 
potential  use  in  the  treatment  of  autoimmune  diseases.  However  the  use  of  THC  is  still  controversial 
due  to  its  psychotropic  side  effects.  In  this  study,  we  investigated  whether  the  synthetic  CB2- 
selective  agonist  JWH015  could  be  use  as  an  alternative  to  THC  to  treat  diseases  of  immune  origin 
without  causing  psychotropic  effects.  We  found  that  JWH015  inhibits  proliferative  response  of 
splenocytes  to  mitogens  in  vitro  via  induction  of  apoptosis.  In  addition,  JWH015  can  trigger 
apoptosis  in  thymocytes  in  vitro  through  cross-talk  between  the  death  receptor  and  the  mitochondrial 
pathways  of  apoptosis.  Finally,  we  found  that  JWHOl  5  is  able  to  cause  immunosuppression  in  vivo. 
Together  this  study  suggests  JWHOl  5  as  an  ideal  candidate  in  the  treatment  of  autoimmune  diseases 
as  it  causes  immunosuppression  without  psychothropic  side  effects  (NIH  ROl  ES09098,  R21 
DA014885,R01  DA016545). 


DEVELOPMENT  OF  NOVEL  S-HT^  SEROTONIN  ANTAGONISTS.  M.  Lee.  J.  B.  Rangisetty, 
M.  Dukat  &  R.  A.  Glennon,  Department  of  Medicinal  Chemistry,  Virginia  Commonwealth 
University,  Richmond  VA  23298.  1-Naphthylpiperazines,  which  are  structurally  related  to 
tryptamines,  bind  nonselectively  at  several  populations  of  5-HT  receptors.  Tryptamines  can  be  made 
selective  for  S-HTg  receptors  by  introduction  of  certain  substituents  at  the  indole  N, -position. 
Several  C4-substituted  naphthylpiperazine  analogs  were  synthesized  to  compare  their  S-HTg  receptor 
affinities  with  those  of  their  corresponding  N, -substituted  tryptamines.  Radioligand  binding  data 
showed  that  naphthylpiperazines  bind  at  S-HTg  receptors,  and  that  the  4-benzenesulfonyl  substituted 
compound  (Ki  =  3.8  nM)  had  an  affinity  comparable  to  the  previously  reported,  highly  selective  and 
potent  tryptamine-based  5-HTg  antagonist  MS-245  (Ki  =  3.1  nM).  4-(benzenesulfonyl)- 1 - 
naphthylpiperazine  behaved  ^s  a  S-HTg  antagonist  (adenylate  cyclase  assay)  and  represents  an 
example  of  a  new  class  of  S-HT^  antagonists.  Unlike  MS-245,  the  piperazine  analog  lacks  a 
benzenesulfonamide  bond  and  should  be  less  prone  to  metabolic  hydrolysis.  [Supported  in  part  by 
MH  60599] 


HSP90  AND  P23:  A  FUNCTIONAL  ROLEIN  TELOMERASE  AND  TELOMERES.  Sarah  A 
Compton  &  Shawn  E  Holt,  Medical  College  of  Virginia  at  VCU,  Richmond  VA  23228.  Telomerase 
is  the  novel  reverse  transcriptase  capable  of  maintaining  telomere  length  by  de  novo  synthesis  of 
telomeric  repeats  onto  chromosome  ends.  It  is  not  expressed  in  most  somatic  cells  however,  85% 
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of  cancer  cells  express  telomerase  making  it  an  important  target  for  cancer  therapies.  Chaperone 
proteins  including  hsp90  and  p23  were  the  first  proteins  shown  to  functionally  associate  with  the 
telomerase  enzyme.  Using  a  cultured  metastatic  prostate  cancer  cell  line,  we  have  explored  the  role 
of  these  chaperones  in  telomerase  and  telomere  regulation  using  both  pharmacological  and  genetic 
(siRNA)  inhibition  of  chaperone  function.  We  confirm  that  chaperones  are  required  for  telomerase 
assembly  and  activity.  More  importantly,  we  demonstrate  that  cells  with  reduced  chaperones 
undergo  gradual  telomerase  independent  telomere  shortening  resulting  in  delayed  apoptosis  due  to 
critically  short  telomeres.  We  demonstrate  that  these  cells  have  high  levels  of  reactive  oxygen 
species  (ROS)  due  to  uncoupling  of  nitric  oxide  synthase  (NOS).  And  propose  a  model  in  which 
inhibition  of  hsp90  and/or  p23  function  uncouples  NOS  to  increase  levels  of  free  radicals  that  attack 
telomeres  and  ultimately  induce  apoptosis  as  a  consequence  of  prolonged  telomere  damage. 


CANNABINOID  RECEPTOR  LIGATION  TRIGGERS  APOPTOSIS:  A  NOVEL  MODALITY  TO 
TREAT  MALIGNANCIES  OF  THE  IMMUNE  SYSTEM.  Jean  H.  Kim'.  Mitzi  Nagarkatti^  & 
Prakash  S.  Nagarkatti',  'Dept,  of  Pharmacol.  &  Toxicol.,  ^Dept.  of  Microbiol.  &  Immunol.,  Virginia 
Commonwealth  University,  Richmond,  VA  23298.  Currently,  treatment  of  cancer  with  radiation 
and/or  chemotherapy  targets  not  only  cancer  cells  but  also  normal  cells  resulting  in  unwanted 
toxicity.  A  more  specific  targeting  of  cancers  of  the  immune  system  arose  with  the  discovery  of 
CB2  cannabinoid  receptors  exclusively  on  such  cells.  This  study  examined  whether  cannabinoid 
analogs,  0-1812  and  0-2137,  highly  specific  to  CBl  and  CB2  receptors,  respectively,  could  induce 
apoptosis  in  EL-4  lymphoma  cells  and  be  used  as  anti-cancer  agents.  Exposure  of  EL-4  to  either 
analog,  in  vitro,  led  to  a  reduction  in  cell  viability  as  well  as  an  increase  in  apoptosis  in  a  dose- 
dependent  manner.  The  apoptosis  was  induced  through  death  receptor  and  mitochondrial  pathways 
as  evidenced  by  the  cleavage  of  caspase-8  and  9,  and  the  partial  blockage  of  apoptosis  using  specific 
inhibitors.  The  agonists  also  dramatically  lowered  the  number  of  viable  EL-4  tumor  cells  when 
administered  in  vivo.  These  data  suggest  that  CB2  agonists  that  lack  psychotropic  effects  may  serve 
as  novel  anticancer  agents  (Supported  in  part  by  NIH  ES09098,  NIHR  DAO  14885,  and  NIH 
DA016545). 

CONFORMATIONALLY-CONSTRAINED  S-HTg  SEROTONIN  RECEPTOR  LIGANDS.  R, 
Kqlanqs,  M.  Pullagurla,  M.  Dukat  &  R.  A.  Glennon,  Department  of  Medicinal  Chemistry,  Virginia 
Commonwealth  University,  Richmond,  VA  23298.  Serotonin  S-HTg  receptors  belong  to  the  GPCR 
superfamily  and  are  positively  coupled  to  an  adenylate  cyclase  second  messenger  system. 
Pharmacological  data  indicate  that  S-HT^  receptors  could  play  a  role  in  certain  central  disorders, 
cognitive  dysfunction,  convulsive  disorders  and  obesity.  Among  known  antagonists  are  a  series  of 
Roche  compounds,  and  benzenesulfonylindoles  developed  in  our  laboratory.  Nj- 
(Benzenesulfonyl)indoles  and  N9-(benzenesulfonyl)tetrahydrocarbazoles  might  be  viewed  as 
conformational ly-constrained  Roche  analogs  and  can  be  utilized  to  determine  how  these  two  series 
bind  relative  to  the  Roche  compounds  at  S-HT^  receptors.  Using  these  analogs,  the  importance  of 
the  multiple  amine  groups  in  the  Roche  compounds  are  being  examined.  In  this  process  a  novel 
diamine  has  been  identified  as  an  example  of  a  new  class  of  high-affmity  S-HTg  antagonists. 
[Supported  by  NIMH  grant  MH  60599] 


THE  ROLE  OF  EPO-DEPENDENT  PHOSPHORYLATION/DESTRUCTION  OF  BIM  IN  THE 
SURVIVAL  OF  ERYTHROID  CELLS.  R.M.  Abatin'.  J.  Chen',  K-H.  Roh',  H.  Harada^,  &  S.T. 
Sawyer',  'Departments  of  Pharmacology/Toxicology  and  internal  Medicine,  Virginia 
Commonwealth  University,  Richmond  VA  23298.  Erythropoietin  (EPO)  is  the  hormone  required 
for  the  survival  of  erythroid  progenitors.  A  central  regulator  of  survival/apoptosis  is  the  BCL-2 
family  of  proteins,  which  include  the  pro-apoptotic  protein,  BIM.  Recent  reports  show  that  survival 
factors  down-regulate  BIM  at  the  posttranscriptional  level  via  MAP  kinase-dependent 
phosphorylation  targeting  this  protein  for  destruction.  We  show  that  BIM  protein  was  significantly 
increased  following  EPO  withdrawal  and  that  BIM  is  phorphorylated/degraded  through  a 
proteosomal-dependent  process  upon  EPO  stimulation  in  dependent  erythroid  cells.  Additionally 
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it  appears  that  EPO-dependent  phosphorylation  of  BIM  is  through  a  MAP-kinase-dependent 
pathway.  In  contrast  to  studies  implicating  the  PI3 -kinase/ Akt  pathway  in  the  viability  of  erythroid 
cells,  it  does  not  appear  to  be  involved  in  BIM  suppression  following  EPO  withdrawal.  Therefore, 
the  EPO-dependent  phosphorylation  and  subsequent  degradation  of  BIM  may  play  a  role  in  the 
survival  of  erythroid  cells. 


ACTIVE  ANAPHYLAXIS  IN  MICE  WITH  SINGLE  AND  SIMULTANEOUS  DISRUPTION  OF 
IL-3  AND  IL-4R.  Joshua  A.  Morales.  Nicole  F.  Neel,  &  Chris  S.  Lantz,  Dept,  of  Biol.,  James 
Madison  Univ.,  Harrisonburg,  VA  22807.  The  clinical  manifestations  of  allergic  hypersensitivity 
reactions  are  related  to  the  biological  effects  of  the  mediators  released  by  mast  cells.  Numerous  in 
vitro  studies  suggest  that  interleukin-3  (IL-3)  and  IL-4  can  enhance  the  release  of  inflammatory 
mediators  from  mast  cells  activated  by  IgE  and  antigen.  However,  little  is  known  about  the  ability 
of  IL-3  and  IL-4  to  regulate  the  function  of  mast  cells  in  IgE-dependent  allergic  responses  in  vivo. 
We  therefore  examined  active  systemic  anaphylaxis  (ASA)  reactions  in  control  +/+,  IL-3  -/-,  IL-4Ra 
-/-,  and  IL-3/  IL-4Ra  double-deficient  mice.  Active  systemic  anaphylaxis,  which  requires  de  novo 
synthesis  of  antigen-specific  antibody,  was  induced  by  immunizing  mice  I.P.  with  chicken 
ovalbumin  plus  adjuvant,  and  challenging  the  mice  on  day  17-18  with  the  same  antigen  I.V.  The 
ability  of  mice  to  undergo  anaphylaxis  was  assessed  by  monitoring  changes  in  body  temperature  and 
the  time  of  death  following  antigen  challenge.  Contrary  to  what  has  been  suggested  based  on 
numerous  in  vitro  studies,  our  findings  indicate  that  IL-3  and  IL-4  are  not  required  for  anaphylactic 
responses  in  vivo  and  that  IL-3  and  IL-4  do  not  appear  to  mediate  redundant  functions  in  vivo. 


THE  EFFECTS  OF  THYROID  HORMONE  ON  POSTNATAL  RAT  CARDIAC  a-MHC  GENE 
EXPRESSION.  Nicole  Maier  &  Kathryn  Loesser,  Dept,  of  Biol.,  Mary  Washington  Col. 
Fredericksburg,  VA  2240 1 .  Triiodothyronine  (T3)  has  been  shown  to  have  both  positive  and  negative 
affects  on  the  expression  of  a  and  b-myosin  heavy  chain  (MHC)  isomers  respectively.  The  purpose 
of  this  experiment  was  to  test  the  effects  of  the  hypothyroid  state  on  this  isomer  expression  in 
neonatal  and  postnatal  Rattus  norvegicus  cardiac  development.  It  was  hypothesized  that  the 
hypothyroid  animals  would  develop  hypertrophy  due  to  the  increased  B-MHC  expression  while 
demonstrating  cardiomyopathy  due  to  the  decrease  in  a-MHC  expression.  Two  female  rats  were 
each  mated,  1  female  was  designated  as  the  control,  and  the  other  was  made  hypothyroid  with  a 
solution  of  0.005%  PTU  in  water.  Four  pups  from  each  of  the  control  and  experimental  litters  were 
sacrificed  2  and  4  weeks  after  birth;  their  hearts  were  removed,  weighed,  sectioned,  stained,  and 
measured  using  a  morphometric  computer  program.  It  was  shown  that  there  was  some  overall 
hypertrophy  of  the  hearts  themselves  in  the  hypothyroid  rats  at  4  weeks,  with  some  evidence  of 
possible  cardiomyopathy  in  the  same  rats  at  2  weeks.  Immunocytochemistry  revealed  a  seemingly 
higher  prevalence  of  B-MHC  isomers  in  the  experimental  animals  at  both  2  and  4  weeks,  indicating 
that  the  limited  secretion  of  thyroid  hormone  did  stimulate  greater  B-MHC  isomer  formation  while 
limiting  oc-MHC  isomer  expression.  However,  the  difference  was  not  statistically  significant.  More 
experiments  need  to  be  done  to  further  validate  these  results. 


DAMAGE  OF  THE  MYOCARDIUM  IN  RATTUS  NORVEGICUS  BY  HOMOCYSTEINE  AND 
THE  PROTECTIVE  EFFECTS  OF  ASCORBIC  ACID.  Adam  Clark  &  Kathryn  Loesser,  Dept,  of 
Biol.,  Mary  Washington  Col..  Fredericksburg,  VA  22401.  The  purpose  of  this  experiment  was  to 
observe  the  damaging  effects  of  homocysteine  and  the  protective  effects  of  ascorbic  acid  on  the 
myocardium  of  Rattus  norvegicus.  Inducing  hyperhomocysteinemia  by  supplementing  L- 
methionine'in  the  drinking  water  would  lead  to  an  increased  infarct  area  during  ischemic  periods 
caused  by  an  occlusion  in  the  left  anterior  descending  artery.  During  ischemic  periods,  antioxidants 
such  as  ascorbic  acid  help  protect  the  myocardium  from  harmful  compounds  by  interfering  with 
oxidation  reactions  that  activate  these  compounds.  Four  groups  consisting  of  four  rats  each  were 
established  and  fed  supplements  in  their  water  for  ten  weeks.  A  control  group  received  no  additional 
supplements;  another  group  received  water  supplemented  with  ascorbic  acid;  a  third  group  received 
water  supplemented  with  L-methionine;  the  last  group  received  water  supplemented  with  both 
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ascorbic  acid  and  L-methionine.  At  the  end  of  the  ten  weeks,  a  myocardial  infarct  was  induced  in 
each  of  the  rats  and  serum  homocysteine  was  measured.  Digital  photos  were  taken  of  heart  transects 
and  ImageJ  software  was  used  to  determine  heart  areas.  A  positive  relationship  was  seen  between 
homocysteine  levels  and  total  infarcted  area.  Hyperhomocysteinemia  increased  the  amount  of 
myocardial  damage,  while  ascorbic  acid  did  not  show  any  distinctive  protective  effects  on  the 
myocardium. 


THE  EFFECTS  OF  B-6  VITAMINS  IN  ATHEROSCLEROTIC  MICE.  Sara  Stokes  &  Kathryn 
Loesser,  Dept,  of  Biol.,  Mary  Washington  Col.  Fredericksburg,  VA  22401.  Elevated  homocysteine 
(Hey)  levels,  otherwise  known  as  hyperhomocysteinemia,  have  been  shown  to  be  an  independent 
risk  factor  for  many  cardiovascular  diseases,  such  as  atherosclerosis.  There  are  many  enzymes 
involved  in  the  metabolism  of  homocysteine  that  are  dependent  upon  B-vitamins.  We  evaluated  the 
effects  of  Bg  supplementation  on  atherosclerotic  apolipoprotein  E-deficient  mice  following  induction 
of  hyperhomocysteinemia.  The  20  animals  were  divided  equally  into:  a  control  group  receiving  a 
high  fat  diet  alone,  1  group  supplemented  with  3.3%  Met  in  drinking  water;  another  with  both  3.3% 
Met  in  drinking  water  and  14  mg  Bg  in  food;  and  lastly,  1  group  with  only  14  mg  B^  in  food.  The 
animals  were  fed  their  respective  diets  for  5  months  and  subsequently  their  plasma  Hey  and  hearts 
were  evaluated.  Our  results  showed  the  high  Met  with  Bg  treated  group  reduced  the  plasma  Hey 
concentration  by  48.7%  (p=  0.0487)  over  the  plasma  Hey  levels  in  high  Met  only  group.  There  was 
also  a  significant  difference  in  plasma  Hey  levels  between  the  control  animals  and  both  of  the  high 
Met  groups.  However,  we  found  that  there  was  no  correlation  between  plaque  size  and  Hey 
concentration  in  any  of  the  groups.  Our  data  imply  that  vitamin  Bg  supplementation  significantly 
decreases  plasma  homocysteine  levels  but  does  not  protect  against  plaque  development. 


DPX  TIPS®  VS.  LIQUID-LIQUID  EXTRACTION  OF  TETRAHYDROCANNABINOIDS  FROM 
WHOLE  BLOOD  OBTAINED  FROM  VIRGINIA  DRIVERS.  D.  D.  Flammia.  T.  H.  Woods,  R. 
P.  Edwards,  &  J.  M.  Pearson,  Division  of  Forensic  Science,  Richmond,  VA.  Delta-9- 
tetrahydrocannabinol  (THC)  (a  psychoactive  compound  in  marijuana)  and  1 1  -nor-9-carboxy-delta-9- 
tetrahydrocannabinol  (THC A)  (metabolite)  are  present  in  more  than  a  third  of  the  driver’s  blood 
arrested  for  driving  under  the  influence  in  Virginia.  The  current  methodology  for  extracting  THC 
and  THCA  from  blood  requires  acetonitrile  precipitation,  basifying  (aqueous)  the  acetonitrile  layer, 
and  extracting  THC  with  hexane/ethyl  acetate.  THCA  is  then  extracted  similarly  after  acidifying  the 
above.  Both  THC  and  THCA  are  then  derivatized  and  quantitated  using  a  gas  chromatograph 
coupled  to  a  mass  selective  detector  (GC-MSD).  This  extraction  procedure  was  compared  to  a  new 
solid  phase  technique  in  which  the  above  acetonitrile  layer  is  aspirated  into  a  plastic  tip  containing 
a  proprietary  sorbent.  The  acetonitrile  is  discarded  and  THC  and  THCA  are  eluted  simultaneously 
from  the  sorbent  with  hexane/ethyl  acetate.  Next  the  THC  and  THCA  are  derivatized  and  quantitated 
with  a  GC-MSD.  The  DPX  technology  provides  rapid  extraction  of  THC  and  THCA;  however  the 
method  does  not  provide  enough  sensitivity  to  quantitate  the  low  levels  of  THC  and  THCA  found 
in  Virginia’s  drivers. 


MECHANISM  AND  RECOVERY  OF  CBl  RECEPTORS  FOLLOWING  THC  IN  BRAIN.  N.  S. 
Schechter.  D.  E.  Selley,  &  L.  J.  Sim-Selley,  Department  of  Pharmacology  &  Toxicology,  Virginia 
Commonwealth  University,  Richmond,  VA  23298.  CBl  cannabinoid  receptors  are  G-protein- 
coupled  receptors  mediated  by  cannabinoids,  including  A^-tetrahydrocannabinol  (THC).  Chronic 
cannabinoid  agonist  administration  causes  tolerance  to  behavioral  effects  and  results  in  receptor 
adaptation.  This  adaptation  leads  to  internalization,  desensitization  and  downregulation  of  CBl 
receptors  at  a  rate  and  magnitude  that  is  region  specific.  To  produce  tolerance,  mice  were 
administered  increasing  doses,  from  10  to  160  mg/kg,  of  THC  twice  daily  (s.c.)  for  15  days.  [^H]SR 
and  [^^S]GTP  yS  binding  showed  prolonged  decreases  in  CBl  receptor  binding  and  receptor- 
mediated  activity.  CB 1  receptor  protein  levels  did  not  differ  between  THC  and  vehicle  by  western 
analysis  of  brain  region  homogenates  or  IHC  staining  of  brain  sections.  Interestingly,  a  50%  increase 
in  CBl  mRNA  was  found  in  hippocampus.  Northern  blot  analysis  of  striatum  at  Day  1  post- 
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treatment  was  decreased  and  recovered  by  Day  3.  These  results  indicate  that  CBl  receptor 
downregulation  caused  by  chronic  THC  administration  is  not  a  result  of  receptor  degradation  or 
decreased  synthesis. 

MECHANISM  OF  CB,  RECEPTOR  ADAPTATION.  Sylvester,  J.L..  Sim-Selley,  L.J.  &  Selley, 
D.E.,  Dept,  of  Pharm/Tox.,  Virginia  Commonwealth  University,  Richmond,  VA  23298.  A^- 
tetrahydrocannabinol  (THC),  the  psychoactive  constituent  of  marijuana,  and  the  synthetie 
cannabinoid  WIN55, 212-2  (WIN)  act  on  G-protein  coupled  CB  ,  receptors  in  the  brain.  Upon 
chronie  administration,  these  cannabinoids  produce  both  desensitization  and  downregulation  of  the 
receptor  in  a  regionally  specific  and  time-dependent  manner.  These  effects  have  been  showm  vitro 
in  both  membrane  homogenate  binding  assays  and  autoradiographie  studies.  This  study  attempted 
to  reproduce  these  effects  in  a  cell  culture  model  using  CHO  cells  tranfected  to  express  the  CB  i 
receptor.  Internalization  was  illustrated  by  confocal  microscopy  of  transiently  transfected  (p-BHO 
cells  treated  with  either  THC  or  WIN.  Receptor  desensitization  was  demonstrated  in  CpCHO  cells 
by  measuring  the  uncoupling  of  G-proteins  (Emax)  through  a  WIN  stimulated  [35S]GTP)'S  binding 
assay.  No  significant  downregulation  could  be  produeed  by  either  WIN  or  THC  treatment,  as  there 
was  no  change  in  Bmax  in  the  [^H]SR141716A  receptor  binding  assay.  These  results  suggest  that 
chronic  treatment  of  CBl -CHO  cells  with  either  THC  or  WIN  produces  desensitization  of  CBl 
receptors,  but  the  internalized  receptors  are  recycled  to  the  plasma  membrane  rather  being  degraded. 


INVESTIGATION  OF  UDP-GLUCUONOSYLTRANSFERASES  INVOLVED  IN  THE 
GLUCURONIDATION  OF  MPA  IN  RATS  UDP-GLUCURONOSYLTRANSFERASES.  K, 
Miles'.  S.  Stern^  F.  Kessler',  P.  Smith^  &  J.  K.  Ritter'  'Dept,  of  Pharmacol,  and  Toxicol.,  Virginia 
Commonwealth  Univ.,  Richmond  VA  23298  2Dept.  of  Drug  Deliv.  and  Dispos.,  Univ.  of  North 
Carolina,  Chapel  Hill  NC  25799.  The  objectives  of  this  study  were  to  evaluate  the  UGT  isoforms 
that  are  active  in  MPA  metabolism  in  rats,  and  assess  the  potential  roles  of  these  forms  in  hepatic, 
renal,  and  intestinal  MPA  glucuronidation.  Liver  microsomes  from  homozygous  Gunn  j/j  rats 
exhibited  marked  decreases  in  MPA  glucuronidating  activity.  Recombinant  rat  lAl,  1 A6,  and  1 A7 
but  not  1A2,  1A3,  1 A5,  and  1A8  possessed  MPA  activity.  Apparent  Km  (mM)  values  of:  0.446, 
0.655,  0.51 1  and  Vmax  (mmol  MPAG/min/mg)  values  of:  4.48  x  10'\  1.84  x  10‘\  and  1.1  x  10'^ 
were  determined  for  lAl,  1A6,  and  1A7,  respectively.  lAl  levels  were  highest  in  liver  whereas  1A7 
was  highest  in  intestine.  In  addition,  MPA  glucuronidating  activity  was  highest  in  intestine.  This 
study,  suggests  that  multiple  isoforms  may  be  involved  in  modulating  MPA-related  Gl-toxicity  in 
rat.  However,  1 A7  may  be  particularly  important  in  intestinal  MPA  glucuronidation.  Supported  by 
NIGMS  grant  1R01GM61188. 

THE  ANTINOCICEPTIVE  EFFECT  OF  THC  IN  THE  ARTHRITIC  RAT:  INTERACTIONS 
WITH  OPIOIDS.  Melinda  L.  Cox  &  Sandra  P.  Welch,  Dept,  of  Pharmacology,  VCU,  Richmond, 
VA  23298.  We  addressed  the  hypotheses  that  THC-induced  release  of  endogenous  opioids  results 
in  antinociception,  and  that  THC  enhances  morphine  in  the  paw  pressure  test  in  arthritic  (FAA)  and 
normal  (NA)  rats.  We  characterized  receptor  involvement  with  the  use  of  antagonists  to  opioid  and 
CB  1  receptors.  THC-induced  antinociception  was  shown  to  have  a  kappa  opioid  component  in  FAA 
rats,  while  it  seemed  to  be  more  mu  opioid-mediated  in  NA  rats.  Using  a  spinal  cord  perfusion 
technique,  we  measured  levels  of  endogenous  opioids  in  cerebral  spinal  fluid  (CSF).  THC  (i.p.) 
released  dynorphin  A  and  leu-enkephalin  in  CSF  of  NA  rats,  but  tended  to  decrease  release  in  FAA 
rats.  Vehicle  tended  to  increase  these  peptides  in  FAA  rats.  Met-enkephalin  levels  were  higher  in 
naive  FAA  rats  than  NA  rats.  These  results  further  suggest  a  role  for  the  kappa  opioid  system  in 
THC-induced  antinociception.  Using  a  low  dose  combination  (1:1)  of  THC  and  morphine,  we  found 
that  THC  enhances  morphine  to  the  same  degree  in  NA  and  FAA  rats.  Currently  we  are  examining 
the  effects  of  chronic  morphine,  THC,  or  low  dose  combination  on  antinociception,  opioid  peptide 
release,  and  receptor  protein  levels. 
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DURATION  OF  ADMINISTRATION  AND  DOSE  DETERMINANTS  OF  NICOTINE 
BEHAVIORAL  DEPENDENCE  IN  RATS.  Robert  E.  Vann  &  Patrick  M.  Beardsley,  Dept  of 
Pharmacology  &  Toxicology,  VCU,  Richmond,  VA,  23298.  Understanding  threshold  conditions  of 
inducing  or  maintaining  nicotine  (NIC)  dependence  could  facilitate  developing  guidelines  for 
tobacco  usage  minimizing  its  toxicity.  Using  laboratory  animals  to  demonstrate  NIC  dependence 
effects,  however,  has  been  difficult  using  conventional  methodologies.  The  present  study  used  the 
disruption  of  a  learned  behavior  (lever  pressing  reinforced  with  food  pellet  delivery)  as  the 
dependent  measure  for  inferring  dependence  in  Sprague-Dawley  rats.  NIC  (3,  6,  12  mg/kg/day  as 
the  base)  was  delivered  via  minipumps  for  up  to  12  days.  Initial  studies  demonstrated  that  after  7 
or  12  days  of  NIC  administration,  in  doses  from  3  to  12  mg/kg/day,  conditioned  responding  was 
disrupted  following  challenges  with  1  mg/kg  of  the  nicotinic  receptor  antagonist,  mecamylamine, 
suggesting  dependence.  Subsequent  tests  indicated  that  the  threshold  for  inducing  dependence 
occurred  after  as  little  as  4  days  of  NIC  administration  at  3  mg/kg/day.  These  data  indicate  that  using 
the  disruption  of  learned  behavior  to  detect  NIC  dependence  is  a  sensitive  methodology  for 
characterizing  threshold  conditions  for  its  induction. 


Natural  History  &  Biodiversity 

SYSTEMATICS  AND  LIFE  HISTORY  OF  PULMONATE  GASTROPODS  IN  THE  VIRGINIA 
PIEDMONT  AREA  (MOLLUSCA:  GASTROPODA;  PULMONATA.).  Corraine  A.  Scott  & 
Deirdre  C.  Gonsalves- Jackson.  Dept,  of  Biol.,  Randolph-Macon  Woman’s  College,  Lynchburg  VA 
24503.  Pulmonate  gastropod  mollusks  include  terrestrial  slugs,  which  are  commonly  considered 
garden  and  greenhouse  pests  because  they  can  cause  tremendous  damage  to  cultivated  crops.  It  is 
therefore  important  to  understand  the  biology  and  life  history  of  these  mollusks  because  of  the 
negative  impact  they  have  on  the  environment.  The  goals  of  this  research  were  to  survey  and 
document  the  biodiversity  and  life  history  of  terrestrial  slugs  in  the  Virginia  Piedmont  area  with  the 
intent  of  characterizing  the  local  slug  fauna.  This  was  accomplished  through  fieldwork,  laboratory 
study,  and  culturing  of  collected  specimens  to  document  embryonic  development  through  hatching. 
Results  of  sampling  indicate  a  rich  diversity  and  abundance  of  terrestrial  slugs.  Of  the  seventeen 
sites  sampled,  169  specimens  were  collected  during  an  eight-week  period.  Diversity  of  terrestrial 
slugs  was  confirmed  as  high  with  12  species  in  five  genera  identified.  In  addition  to  biodiversity 
results,  developmental  patterns  were  documented  for  25%  of  collected  species. 


COMPARISON  OF  POPULATIONS  OF  LEUCISCUS  CEPHALUS  IN  GREECE.  Christina 
Harviewl  &  Eugene  G.  Maurakis  2,3^  1  Henrico  High  School,  Richmond,  Virginia  23228,  ^Science 
Museum  of  Virginia,  2500  W.  Broad  St.,  Richmond,  VA  23220,  ^UR,  Richmond,  VA  23173.  An 
analysis  of  1 7  external  meristic  and  morphometric  characters  was  used  to  evaluate  the  taxonomic 
status  of  southern  populations  of  Leuciscus  cephalus  in  Peloponnesos,  Greece.  Seven  meristic 
characters  (lateral  line  scales,  scales  above  and  below  lateral  line,  numbers  of  branched  dorsal  and 
anal  fm  rays,  and  total  pectoral  and  pelvic  fm  rays)  and  10  morphometric  features  (standard  length, 
head  length,  eye  diameter,  body  depth,  caudal  peduncle  depth,  dorsal  and  anal  fm  shapes)  were 
evaluated  in  63  specimens  collected  from  the  Arachthos,  Evros,  Nestos,  and  Strymon  rivers 
(mainland  Greece),  and  the  Alphios  and  Pamisos  rivers  in  Peloponnesos,  Greece.  Numbers  of  lateral 
line  scales  and  branched  anal  fm  rays,  caudal  peduncle  depth,  and  shape  of  anal  fm  were  used  to 
distinguish  southern  populations  in  Peloponnesos  from  those  of  mainland  populations,  and  support 
the  proposition  that  populations  of  L.  cephalus  in  Peloponnesos,  Greece  are  recognizable  at  the 
subspecific  level;  L.  cephalus  peloponnensis.  Funding  was  provided  by  the  Jeffress  Memorial 
Foundation,  Science  Museum  of  Virginia,  and  University  of  Richmond. 


CURRENT  RESEARCH  ON  THE  ENDANGERED  NORTHERN  FLYE4G  SQUIRRELS 
{GLA UCOMYSSABRINUS)  OF  VIRGINIA.  James  L.  Sparks  Jr.'.  Ceeil  Thomas',  John  F.  Pagels', 
&  Bonnie  L.  Brown',  ‘Dept,  of  Biology,  Virginia  Commonwealth  University,  and  ^Mount  Rogers 
NRA,  U.S.  Forest  Service.  Relict  northern  flying  squirrel,  Glaucomys  sabrinus  populations  occur 
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in  high  elevation  spruce-fir  refugia  in  the  southern  Appalachia  Mountains.  Two  endangered 
subspecies  are  found  in  Virginia,  G.  5.  coloratus  in  Smyth  and  Grayson  counties  and  G.  s.fuscus  in 
Highland  County.  We  used  a  sodium  nitrate  fecal  float  to  assay  infestation  levels  of  the  helminth 
parasite  Strongyloides  robustus  in  the  Mount  Rogers  National  Recreation  Area  (MRNRA).  S. 
robustus  is  a  parasite  whose  pathogenicity  has  been  documented  in  G.  s.  coloratus.  We  found  that 
the  conifer-affiliated  red  squirrel,  Tamiasciurus  hudsonicus,  carried  the  highest  load  of  S.  robustus 
suggesting  that  seasonal  consumption  of  red  spruce,  Picea  rubens,  by  G.  sabrinus  does  not  function 
as  a  vermifuge  as  was  previously  hypothesized.  Preliminary  results  from  micro-satellite  DNA 
analysis  suggest  that  G.  sabrinus  from  Mt.  Rogers  (n=4)  has  greater  polymorphism  than  nearby 
White  Top  Mountain  (n=4).  Our  management  recommendations  for  MRNRA  include  protecting 
spruce-fir  habitat  and  supporting  the  restoration  of  habitat  contiguity  between  Mt.  Rogers  and  White 
Top  Mountain. 


PHYLOGENETIC  RELATIONSHIPS  AND  BIOGEOGRAPHY  OF  COBITIS  (BICANESTRINIA) 
SPECIES  IN  THE  SOUTHERN  BALKAN  PENINSULA.  Julia  B.  Haubenstock.  Oberlin  College, 
Oberlin,  OH  44074,  and  Eugene  G.  Maurakis,  Science  Museum  of  Virginia,  2500  W.  Broad  St., 
Richmond,  VA  23220  and  UR,  Richmond,  VA  23 1 73.  Cladistic  analyses  of  thirteen  characters  from 
eight  species  of  Cobitis  (two  Monocanestrinia  and  six  Bicanestrinia)  and  two  species  of 
Sabanejewia  as  out-group  taxa  in  Greece  resulted  in  a  cladogram  where  species  of  Cobitis 
{Bicanestrinia)  form  a  monophyletic  group.  Within  Cobitis  {Bicanestrinia),  Cobitis  meridionalis 
and  Cobitis  trichonica  form  a  monophyletic  group,  the  sister-group  to  a  clade  composed  of  Cobitis 
punctilineata,  and  the  clade  of  Cobitis  hellenica  and  Cobitis  arachthosensis.  Our  hypothesis  of 
Cobitis  {Bicanestrinia)  relationships  and  resultant  distributions  of  the  species  are  congruent  with  a 
cladogram  of  the  historical  relationships  among  river  drainages  in  the  southern  Balkan  Peninsula, 
where  geological  vicariant  events  support  the  derivation  of  cobitid  distributions  in  the  region.  This 
study  was  funded  in  part  by  the  Thomas  F.  Jeffress  and  Kate  Miller  Jeffress  Memorial  Trust,  Science 
Museum  of  Virginia,  University  of  Richmond,  and  Aristotle  University,  Greece. 


CEPHALIC  SKIN  MORPHOLOGY  OF  TUBERCULATE  MALE  SEMOTILUS 
A  TROMACULA  TUS.  William  R.  McGuirel  and  Eugene  G.  Maurakis2>3^  1  St.  Christopher’s  School, 
711  St.  Christopher’s  Road,  Richmond,  VA  23226,  ^Science  Museum  of  Virginia,  2500  W.  Broad 
St.,  Richmond,  VA  23220  and  ^Biology  Dept.,  UR,  Richmond,  VA  23173.  Morphology  of  cephalic 
skins  of  tuberculate  male  Semotilus  atromaculatus  (Cyprinidae)  were  studied  to  test  the  hypothesis 
that  neurons  underlie  tubercles.  Light  microscopy  reveals  that  dermal  pilli  which  protrude  into 
cephalic  tubercles  of  breeding  males  contain  neurons.  These  results  support  previous  hypotheses 
that  male  epidermal  tubercles  play  a  tactile  role  in  breeding  behaviors  of  S.  atromaculatus  during 
the  spring.  Both  light  and  scanning  electron  micrographs  suggest  that  neural  projections  in  the  form 
of  neuromasts  relate  to  a  species  specific  developmental  pattern  of  cephalic  tubercle  distribution. 
Funding  was  provided  by  Virginia  Academy  of  Science,  Science  Museum  of  Virginia,  and 
University  of  Richmond. 


CHARACTERIZATION  OF  FRESHWATER  MUSSEL  MICROHABITAT  IN  THE  UPPER 
CLINCH  RIVER,  VIRGINIA.  Brett  J.  K.  Ostby  and  Richard  J.  Neves,  Department  of  Fisheries  and 
Wildlife  Sciences,  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg,  VA  24061-0321 . 
The  Tennessee  Valley  Authority  has  recently  returned  150-200  miles  of  dam  tailwaters  to  more 
natural  conditions  and  proposed  reintroduction  of  native  freshwater  mussels  in  those  reaches.  Before 
translocation  of  mussels  from  other  locations  can  proceed,  suitable  habitat  must  be  defined  for  each 
species.  During  intermittent  low  flows  (200  -  600  cfs)  from  May  to  September  2003,  a  stratified 
sampling  design  was  employed  to  determine  hydraulic  parameters  and  substrate  composition 
preferred  by  a  suite  of  species  proposed  for  reintroduction.  Flow  parameters,  including  shear  stress, 
mean  column  velocity,  and  Reynold’s  number  best  distinguish  among  sites  with  high  and  low 
quality  mussel  populations  and  also  predict  presence  and  absence  of  common  species  within  a  reach. 
Substrate  is  similar  among  all  sites  and  has  no  predictive  value.  Habitat  suitability  criteria  (HSC) 
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have  been  developed  for  the  most  abundant  species  and  demonstrate  transferability  among  reaches. 
Habitat  use  by  many  species  overlap,  therefore  species  can  be  placed  into  habitat  guilds.  HSC  will 
be  used  to  guide  translocation  efforts  and  tailwater  management. 


FINDING  BURROWS  AND  KILLING  LARVAE,  BEHAVIORS  OF  THE  PASSALID  BEETLE 
ODONTOTAINIUS  DISJUNCTUS.  Andrew  J.  King  &  Norman  J.  Fashing,  Dept,  of  Biol.,  College 
of  William  and  Mary,  Williamsburg  VA  23187-8795.  Infanticide,  the  killing  of  young  by  an  adult 
of  the  same  species,  is  an  interesting  behavior  found  in  a  wide  range  of  animals.  Although  the 
mechanism  differs  with  each  mating  system,  the  underlying  reason  behind  infanticide  is  that  it 
serves  to  increase  the  fitness  or  relative  reproductive  success  of  an  individual  with  respect  to  the  rest 
of  the  members  of  the  population.  To  date,  infanticide  has  been  reported  in  only  one  beetle  family, 
the  Silphidae  or  carrion  beetles.  Here  we  present  experimental  evidence  for  infanticidal  behavior 
in  O.  disjunctus,  a  member  of  the  subsocial  family  Passalidae.  Additional  supporting  evidence  will 
be  presented  on  passalid  way-finding  behaviors  in  order  to  assess  the  possibility  of  burrow  takeovers 
during  the  mating  season.  Results  indicate  that  adults  that  have  not  reproduced  in  a  season  kill  larvae 
placed  in  their  container.  Adults  that  were  raising  larva  do  not  kill  larvae  even  if  they  are  not  their 
own.  (Supported  by  a  Howard  Hughes  Medical  Institute  Summer  Research  Grant  to  AJK) 


MORPHOLOGICAL  ADAPTATIONS  FOR  PRECOPULATORY  MATE  GUARDING  IN 
ASTIGMATIC  MITES.  Norman  J.  Fashing,  Dept,  of  Biol.,  College  of  William  and  Mary, 
Williamsburg,  VA  23187-8795.  Individual  male’s  reproductive  success  can  be  advanced  by 
preventing  his  sexual  partners  from  being  inseminated  by  rival  males,  a  feat  often  achieved  in 
araclinids  by  means  of  precopulatory  mate  guarding.  In  males  of  astigmatic  mites,  this  is  often 
accomplished  by  guarding  an  immature  female  from  other  males  during  her  penultimate 
(tritnonymphal)  instar,  and  mating  with  her  when  she  molts  to  an  adult.  Although  males  of  some 
species  simply  cling  to  the  dorsum  of  an  immature  female  in  an  attempt  to  prevent  other  males  from 
gaining  access,  others  have  evolved  specialized  morphological  adaptations  which  aid  in 
precopulatory  mate  guarding  behavior.  In  some  genera  (e.g.,  Sarraceniopus;  Histostomatidae),  the 
second  pair  of  legs  are  enlarged  and  used  to  spar  with  other  males.  In  others,  the  male  uses  either 
one  pair  (e.g.,  Hericia;  Algophagidae)  or  two  pairs  of  modified  legs  (undescribed  genus; 
Histiostomatidae)  to  hold  the  tritonymphal  female  off  the  substrate  as  he  walks  about  on  his 
remaining  legs.  In  natatorial  genera  (e.g.,  Creutzeria,  Zwickia;  Histiostomatidae),  the  front  pair  of 
legs  are  modified  for  clasping  the  female  and  the  remaining  three  pair  are  used  for  swimming. 


CHEMICAL  AND  PHYSICAL  CHARACTERISTICS  OF  SOILS  OCCUPIED  BY  THE  FUNGUS¬ 
GROWING  ANT,  TRACHYMYRMEX  SEPTENTRIONALIS,  IN  SOUTHEASTERN  VIRGINIA. 
Jonathan  P.  Howell  &  Deborah  A.  Waller,  Department  of  Biology,  Old  Dominion  University, 
Norfolk,  VA  23529.  Blackwater  Ecologic  Preserve  is  a  129  hectare  tract  of  land,  located  in  Isle  of 
Wight,  undergoing  a  regimen  of  controlled  burning  to  increase  the  population  of  longleaf  pines 
{Pinus  palusths).  Three  populations  of  the  fungus-growing  ant,  Trachymyrmex  septenthonalis,  have 
been  under  study  for  four  years.  During  the  summer  of  2003,  soil  samples  from  the  populated  and 
adjacent,  unpopulated  sites  were  collected  and  tested  for  soil  moisture,  organic  matter  (OM),  and 
pH.  Total  soil  moisture  was  found  to  be  significantly  lower  (F  =  1 1.23;  p  =  0.001)  in  populated 
(14.92  +  0.60  %)  versus  unpopulated  (17.55  +  0.50  %)  areas.  No  significant  differences  were  found 
for  soil  organic  matter  or  pH  between  the  two  site  types  (OM;  0.83  +  0.08  %  vs.  0.73  ±  0.07  %;  pH: 
6.31  +  0.02  vs.  6.34  +  0.02).  Based  on  these  findings,  soil  moisture  may  be  considered  as  an 
important  factor,  either  directly  (chamber  excavation)  or  indirectly  (vegetative  cover),  in  the 
dispersal  and  foundation  of  new  T.  septentrionalis  colonies. 


THE  COLLECTION  AND  OCCURRENCE  OF  PSOROPHORA  HORRIDA  (D YAR  AND  KNAB) 
IN  SOUTHEASTERN  VIRGINIA.  Norman  A.  Grefe  &  Deborah  A.  Waller,  Dept,  of  Biol.,  Old 
Dominion  Univ.,  Norfolk,  VA  23529.  Mosquitoes  are  ecologically  important  as  prey  for  aquatic  and 


PROCEEDINGS 


65 


aerial  predators.  The  life  history,  diversity  and  distribution  records  for  many  species  are  poorly 
known  because  control  efforts  focus  on  common  disease  vectors.  A  study  of  the  diversity  and 
response  of  mosquitoes  to  prescribed  burns  is  underway  at  the  Blackwater  Ecological  Preserve 
(BEP),  a  longleaf  pine  habitat  owned  by  Old  Dominion  University  in  Isle  of  Wight  County  in 
southeastern  Virginia.  In  a  preliminary  survey,  75  specimens  of  Psorophora  horrida  were  collected 
over  a  few  days  in  July  2003.  Only  one  other  record  exists  for  Ps.  horrida  in  Virginia,  from  1904 
in  Shenandoah  County.  This  summer,  woodland  pool  species  is  typically  found  in  piedmont  habitats 
in  other  states.  Psorophora  horrida  never  appeared  in  extensive  mosquito  collections  by  Grefe  from 
Suffolk  and  Isle  of  Wight  County  over  the  past  few  years,  although  it  might  have  been  collected  in 
other  localities  and  misidentified  as  Psorophora  ferox,  a  similar  species. 


RESPONSE  OF  THE  SYMBIOIC  GUT  PROTOZOANS  OF  TERMITES  TO  ESSENTIAL  OILS. 
Deborah  A.  Waller,  Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  VA  23529.  Previous  studies 
demonstrated  that  a  one-week  exposure  to  some  essential  oils  kills  termites  and/or  inhibits  feeding. 
One  possibility  is  that  a  lethal  essential  oil  kills  the  symbiotic  gut  protozoans  and  the  termite 
subsequently  starves.  The  present  study  examined  the  responses  of  the  subterranean  termites 
Reticulitermes  flavipes  (one  colony)  and  R.  virginicus  (two  colonies)  and  their  gut  protozoans  to  a 
24  h  exposure  to  five  essential  oils.  For  each  colony,  there  were  two  experimental  units  per  oil  and 
two  control  units.  Each  unit  contained  a  red  napkin  circle  (6mm  diam)  for  food  that  received  either 
no  treatment  (control)  or  a  drop  of  oil.  Ten  termite  workers  were  placed  in  the  container  and 
incubated  at  26°C.  After  24  h,  numbers  of  surviving  termites,  red  (fed)  termites  and  numbers  of 
protozoans/three  termites/unit  were  counted.  Survivorship  varied  significantly  among  treatments. 
Termites  fed  only  on  control  red  circles  and  one  red  circle  of  one  essential  oil.  Protozoan  numbers 
varied  significantly  among  treatments  and  colonies,  with  no  indication  that  essential  oils  were  lethal 
to  protozoans. 


BIOCHEMICAL  COMPOSITION  OF  FOUR  SPECIES  OF  FRESHWATER  MUSSELS  HELD  AT 
A  STATE  HATCHERY.  Aaron  Liberty  and  Richard  J.  Neves.  Dept,  of  Fisheries  and  Wildlife 
Sciences,  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg,  VA  24061-0321.  The 
ability  to  hold  freshwater  mussels  in  captivity  is  often  necessary  for  purposes  of  relocation  and 
propagation  of  imperiled  species.  Four  species  of  unionid  mussels,  including  two  long-term 
brooders,  Villosa  iris  and  V.  vanuxemensis,  and  two  short-term  brooders,  Amblema  plicata  and 
Pleurobema  oviforme,  served  as  surrogates  for  endangered  species  and  were  held  at  the  Aquatic 
Wildlife  Conservation  Center  (AWCC),  Marion,  Virginia,  for  a  two-year  trial  period.  Glycogen, 
protein,  and  lipid  were  measured  seasonally  from  mantle  tissue  and  compared  between  AWCC 
specimens  and  those  from  their  wild  source  populations.  Seasonal  variability  of  glycogen  was 
greatest,  with  significant  differences  found  in  the  spring  of  2003  and  2004  for  V.  iris,  and  in  the 
spring  of  2003  for  V.  vanuxemensis.  Protein  and  lipid  showed  less  seasonal  variability  among 
species  found  in  the  river  and  held  at  the  hatchery.  These  results  suggest  that  the  AWCC  is  a  suitable 
facility  to  hold  freshwater  mussels  for  extended  periods  of  time. 


A  STATUS  SURVEY  OF  FRESHWATER  MUSSEL  POPULATIONS  IN  THE  UPPER  NORTH 
FORK  HOLSTON  RIVER,  VIRGINIA.  Jess  W.  Jones  and  Richard  J.  Neves.  Dept,  of  Fisheries  and 
Wildlife  Sciences,  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg,  VA  24061-0321. 
Previous  freshwater  mussel  surveys  (1915-1 997)  at  sites  in  the  North  Fork  Holston  River  watershed 
upstream  of  Saltville,  VA,  documented  21  species.  Approximately  363  survey  hours  were  spent 
sampling  47  sites  in  a  48  mile  reach  of  the  river  between  Saltville  and  Ceres.  Thirteen  species  of  live 
freshwater  mussels  were  collected.  In  order  of  relative  abundance,  these  were:  mountain  creekshell, 
Villosa  vanuxemensis  (27. 1  %),  rainbow  mussel,  V.  iris,  (23 .3%),  slabside  pearlymussel,  Lexingtonia 
dolabelloides  (10.4%),  Cumberland  moccasinshell,  Medionidus  conradicus,  (10.3%),  fluted 
kidneyshell  Ptychobranchus  subtentum  (6.4%),  pheasantshell,  Actinonaias  pectorosa  (5.5%), 
wavyrayed  lampmussel,  Lampsilis  fasciola,  (5.3%),  Tennessee  clubshell,  Pleurobema  oviforme, 
(4.4%),  shiny  pigtoe,  Fusconaia  cor  (2.9%),  kidneyshell,  Ptychobranchus  fasciolaris  (2.9%), 
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Tennessee  pigtoe,  F.  barnesiana,  (1.1  %),  fluted  shell,  Lasmigona  costata,  (0.01  %),  and  pocketbook, 
Lampsilis  ovata,  (0.01%).  Species  richness  has  remained  relatively  stable  over  the  last  100  years  in 
this  reach  of  river.  However,  declines  in  abundance  are  now  evident  in  a  4  mile  reach  immediately 
upstream  of  Saltville. 


Psychology 

ROMANTIC  PARTNER’S  PERCEPTIONS  OF  APPEARANCE  AND  THE  EFFECT  ON 
RELATIONSHIPS.  Kristin  M.  Grasso,  Virginia  Consortium  Program  in  Clinical  Psychology  & 
Thomas  F.  Cash,  Ph.D.  Dept,  of  Psychology,  ODU.  Literature  has  looked  at  how  body  image 
operates  in  women.  However,  few  studies  attempt  to  understand  how  intimate  relationships  mediate 
this  construct.  Measuring  body  image  with  a  self-discrepancy  approach  is  important  to 
understanding  one’s  view  of  themselves  and  may  affect  how  one  feels  their  romantic  partner  views 
their  appearance.  Consequently,  it  is  expected  that  this  will  translate  into  how  satisfying  the  sexual 
and  overall  relationship  is.  The  following  study  attempted  to  address  this  in  a  sample  of  college- 
aged  women.  This  was  done  by  further  analyzing  validity  on  the  PAIRS,  a  self-report  assessment 
of  persons’  perceptions  of  and  reactions  to  their  partner’s  attitudes  toward  their  appearance.  It  was 
hypothesized  that  this  measure  would  correlate  highly  with  the  BIQ-E,  the  BESAQ,  the  DSFI,  and 
the  RAS.  Results  supported  this  and  found  that  the  PAIRS  subscales  significantly  predicted  sexual 
self-consciousness  and  both  sexual  and  relationship  satisfaction.  One’s  perception  of  their  Partner’s 
attitudes,  the  effect  of  those  attitudes,  and  one’s  own  body  image  seems  to  have  a  significant  impact 
on  satisfaction  in  romantic  relationships.  The  PAIRS  measure  has  been  supported  as  a  reliable  and 
valid  measure  to  assess  these  constructs  in  women. 


BODY  SATISFACTION  AND  RACIAL  IDENTITY  DEVELOPMENT  DIFFERENCES 
BETWEEN  BLACK  AND  WHITE  FEMALES.  Courtney  Hanley  &  Barbara  Winstead,  Old 
Dominion  University.  Researchers  have  investigated  possible  reasons  for  Black  women  consistently 
reporting  higher  levels  of  body  satisfaction  than  White  women.  One  area  gaining  attention  is  the 
possibility  that,  as  a  woman  forms  her  identity  the  saliency  of  her  race  group  may  fluctuate,  thereby 
affecting  body  satisfaction.  The  current  study  investigated  the  relationship  between  the  importance 
of  race  to  identity  development  and  body  satisfaction  attitudes  between  Black  and  White  college 
women.  It  was  hypothesized  that  body  satisfaction  will  be  affected  by  the  importance  of  race  group 
(as  defined  by  the  Cross  Racial  Identity  Model  and  the  White  Racial  Identity  Attitude  Scale)  to  each 
woman.  A  negative  relationship  between  Stage  One  (Pre-Encounter)  attitudes  and  body  satisfaction 
was  found  for  Black  women.  Implications  and  limitations  of  the  current  study  for  future  research 
are  addressed  in  the  Discussion.  Results  of  the  study  may  provide  a  platform  for  research 
investigating  a  multi-cultural  approach  to  body  satisfaction  improvement  programs. 


BODY  IMAGE  AND  THE  ASSESSMENT  OF  APPEARANCE  BEHAVIORS:  DEVELOPMENT 
AND  VALIDATION  OF  THE  APPEARANCE  BEHAVIORS  INVENTORY.  Erin  Mehalic,  Dept, 
of  Psych.,  Old  Dominion  University.  The  purpose  of  the  study  is  to  develop  and  validate  the 
Appearance  Behaviors  Inventory,  a  three-scale  measure,  derived  from  prior  versions,  of  body-image 
self-regulatory  behaviors,  guided  by  Cash's  cognitive  behavioral  model  of  body-image  functioning. 
Participants  were  1 93  college  women  from  Old  Dominion  University.  An  anonymous  survey  was 
completed  that  measured  the  participants’  negatively  (avoidant  and  compulsive)  and  positively 
motivated  appearance-related  behaviors,  their  body-image  evaluation  and  investment,  body-image 
quality  of  life,  and  the  personality  factor  of  self-presentational  perfectionism.  Item  validity  and 
internal  consistency  of  this  three-subscale,  59-item  assessment  was  established,  as  well  as  its 
freedom  from  socially  desirable  responding.  In  testing  hypotheses,  convergent  relationships  were 
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found  between  the  Appearance  Behavior  Inventory  scales  and  measures  of  body-image  evaluation 
and  investment,  body-image  quality  of  life,  and  the  personality  trait  of  perfectionistic  self¬ 
presentation.  Implications  and  limitations  of  this  research  are  discussed. 


THE  RELATIONSHIP  OF  FEMINIST  IDENTITY  AND  GENDER  ROLE  ATTITUDES  TO 
BODY  IMAGE.  Kate  Nuckols  &  Thomas  F.  Cash,  Dept,  of  Psych.,  Old  Dominion  University. 
Negative  body  image  is  a  prevalent  problem  among  the  women  in  this  country.  Previous  studies 
have  shown  a  link  between  women’s  traditional  views  about  male-female  relations  and  negative 
body  image.  Expanding  on  this  research,  we  were  also  interested  in  how  feminist  identity  is  related 
to  body  image,  disturbed  eating  attitudes,  and  attitudes  towards  attractive  women.  The  purpose  of 
this  study  was  to  see  how  the  variables  of  feminist  identity,  male-female  relations,  and  views  of 
attractive  women  are  related  to  body  image  investment  and  evaluation  and  disturbed  eating  attitudes. 
Results  from  correlational  and  multiple  regression  analyses  show  that  traditional  gender  role 
attitudes  and  competitive  attitudes  towards  other  women  were  the  best  predictors  of  dysfunctional 
body  image  and  disturbed  eating.  Women  who  are  more  traditionally  feminine  and  who  have 
negative  attitudes  towards  attractive  women  were  shown  to  have  more  problematic  body  image  and 
eating  habits.  These  findings  were  consistent  with  prior  studies.  Feminist  identity  provided  little 
significant  findings  and  does  not  appear  to  provide  a  significant  buffer  against  dysfunctional  body 
image.  Research  on  feminism  and  body  image  has  been  conflicting,  and  more  is  needed  to  come 
to  a  more  decisive  conclusion. 


ADJUSTMENT  TO  COLLEGE  IN  LEARNING  COMMUNITY  VS.  TRADITIONAL  STUDENTS. 
K.E.  Steer.  Virginia  Consortium  Program  in  Clinical  Psychology,  Virginia  Beach,  VA  23462  &  J. 
A.  Morrow,  Old  Dominion  Univ.,  Norfolk,  VA  23529-0267.  This  study  examined  the  effects  of 
learning  community  assignment  on  adjustment  to  college  as  measured  in  academic  and  social  self- 
concept  and  academic  attitudes.  The  participants  in  this  study,  from  a  large  public  university,  were 
156  first  year  students  of  diverse  ethnic  backgrounds.  They  were  selected  using  non-probability 
sampling.  Participants  were  administered  three  measures  one  year  following  their  first  year 
experience.  The  Academic  Attitude  Scale  -  AAS  (Wong  &  Fry,  1 998),  the  Academic  Self-Concept 
Scale  -  ASCS  (Reynolds,  1988),  and  the  Social  Self-Concept  Scale  -  SSCS  (Reynolds  &  Lyon, 
1996)  indicated  that  there  were  no  significant  differences  between  learning  community  and  non¬ 
learning  community  students  on  adjustment  to  college. 


PARENTAL  AND  PEER  ATTACHMENT  AS  PREDICTORS  OF  DIFFERENTIATION  OF  SELF 
IN  FIRST  YEAR  COLLEGE  STUDENTS.  D.  S.  Vick.  Virginia  Consortium  Program  in  Clinical 
Psychology  &  J.  A.  Morrow,  Old  Dominion  Univ.  This  study  explored  the  relationship  between 
Bowlby’s  (1963)  construct  of  attachment  and  Bowen’s  (1978)  construct  of  differentiation  of  self  in 
first-year  college  students.  Using  non-probability  sampling,  the  study  included  an  ethnically  diverse 
population  of  274  students  from  a  large,  public  southeastern  university.  The  Differentiation  of  Self 
Inventory  -  DSI  (Skowron,  1998,  2001)  and  the  Inventory  of  Parent  and  Peer  Attachment  -  IPPA 
(Armsden  &  Greenburg,  1987)  revealed  that  parental  and  peer  Attachment  factors  were  significant 
predictors  of  differentiation  of  self  in  first-year  college  students.  Significant  differences  were  also 
found  for  gender  and  for  living  arrangement.  Specifically,  female  students  report  significantly 
higher  levels  of  parent  and  peer  communication  than  male  students.  Females  also  showed  more 
emotional  reactivity  and  lower  levels  of  I-Position  than  male  students.  For  living  arrangement, 
students  who  lived  apart  from  their  parents  reported  significantly  higher  parent  trust  than  those  who 
lived  with  their  parents.  Students  who  lived  with  their  parents,  reported  a  higher  level  of  parent 
alienation  than  those  who  lived  on  their  own.  No  significant  age  differences  were  found. 


STEREOTYPES  ABOUT  MEMORY  AND  AGING:  FACTORS  INFLUENCING  RATINGS  OF 
MEMORY  ABILITY.  Ryan  M.  Clements,  Anastasia,  S.  Fisher,  &  Heather  M.  Niesman,  Dept,  of 
Psychol.,  Washington  and  Lee  Univ.,  Lexington  VA  24450.  Earlier  experiments  from  our 
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laboratory  showed  that  in  assessing  memory  failures  of  both  young  and  elderly  targets,  elderly 
participants  are  less  biased  in  their  beliefs  about  memory  and  aging  than  are  college-  aged 
participants.  However,  unlike  findings  in  previous  research,  the  elderly  are  not  more  lenient  in  their 
ratings  of  the  memory  failures  of  targets  in  their  peer  age  group.  In  the  present  work,  young  and 
elderly  subjects  received  questionnaires  assessing  personal  beliefs  about  their  own  and  others 
memory  abilities.  Results  indicated  that  beliefs  about  personal  memory  ability  significantly  affected 
memory  performance  among  the  elderly,  but  not  the  college  aged  participants.  The  elderly  but  not 
the  young  were  influenced  by  false  feedback  about  their  memory  performance.  Results  also  indicate 
that  both  the  elderly  and  the  college  aged  subjects  assess  the  memory  abilities  of  others  according 
to  the  same  directional  stereotype,  but  that  the  elderly  are  more  fair  in  their  assessment  of  other’s 
failures  while  still  being  strict  on  their  ratings  of  elderly  targets’  memory  failures. 


AN  INVESTIGATION  OF  CONTROL  CONDITIONS  IN  ASCH-TYPE  EXPERIMENTS.  V. 
Denise  A.  Lugenbeak  Lauren  H.  Compton,  Adam  J.  Stinson,  Justin  A.  McWethy  &  James  P. 
O’Brien.  Tidewater  Cmnty.  Coll.,  Virginia  Beach  VA,  23453.  Reports  additions  to  data  from 
replications  of  Asch  (1956)  control  conditions  in  a  2x2x2x2  protocol:  4-yr.  vs.  2-yr.  and  male  vs. 
female  students  with  authoritative  vs.  peer  and  male  vs.  female  Experimenters.  Asch  demonstrated 
stimulus  clarity,  a  requisite  feature  of  the  “Asch  dilemma,”  among  his  4-yr.  male  undergraduate 
control  participants:  94.6%  of  Ss  were  error-free,  mean  error  =  .08,  and  %  error  trials  =  .7%.  With 
12  of  18  cells  completed;  the  respective  measures  for  260  men  are  80.8%,  .32,  and  2.69%.  The 
respective  measures  for  371  women  are  73.1%,  .53,  and  4.43%.  We  conclude  that  Asch’s  stimuli 
do  not  constitute  “an  utterly  clear  perceptual  fact”  for  most  male  conditions  and  for  all  female 
conditions.  In  fact,  the  only  cell  (n  =  29)  that  may  approximate  Asch’s  standards  for  stimulus  clarity 
is  the  direct  replication  of  Asch.  Therefore,  scores  of  replications  of  Asch’s  experimental  conditions 
over  the  past  half  century;  and,  in  fact,  those  data  in  Asch’s  (1956)  Experiment  1  which  were 
acquired  by  authoritative  female  Experimenters,  must  be  reevaluated.  The  use  of  comparable, 
contemporary,  high-fidelity  control  conditions  are  a  fundamental  aspect  of  research  design,  even  for 
topics  and  methods  that  have  been  extensively  investigated. 

ATTENTIVE  DRIVING:  VERBAL  WARNINGS  APPLIED  TO  COLLISION  AVOIDANCE 
SYSTEMS.  Katrina  R.  Lewis  &  Carryl  L.  Baldwin,  Dept,  of  Psyc.,  Old  Dominion  University, 
Norfolk,  VA  23529.  Technological  advances  in  conjunction  with  continued  efforts  to  improve 
transportation  safety  have  led  to  the  implementation  of  in-vehicle  collision  avoidance  systems 
(CAS).  Whereas  previous  research  has  been  void  of  context,  the  current  investigation  examines  the 
alerting  effectiveness,  perceived  urgency,  and  annoyance  level,  as  well  as  collision  avoidance,  of 
verbal  CAS  warnings  as  a  function  of  signal  word  and  presentation  level  to  potential  hazards  in  a 
simulated  driving  environment.  Fifteen  participants  drove  a  simulated  vehicle  while  attempting  to 
avoid  collisions.  CAS  warnings  consisting  of  each  combination  of  signal  word  and  presentation 
level  and  a  control  (no  warning)  condition  were  presented  in  a  randomized  order  just  prior  to 
potential  collision  situations.  A  significant  main  effect  for  signal  word  (F[l,14]=13.58,  p<.002, 
partial  ri‘=.49)  and  presentation  level  (F[l  .14]=6.81,  p<.02,  partial  ri^=.33)  was  observed  for  ratings 
of  perceived  urgency.  These  results  support  previous  findings  indicating  that  both  acoustic  and 
semantic  aspects  of  verbal  CAS  warnings  can  be  used  to  convey  hazard  level.  These  results  have 
implications  for  improving  the  design  and  user  acceptability  of  in-vehicle  collision  avoidance 
systems  and  for  improving  transportation  safety. 


AUDITORY  ROUTE  GUIDANCE  SYSTEMS  AND  FACILITATING  THE  DEVELOPMENT  OF 
COGNITIVE  MAPS.  Ian  J.  Reagan  &  Carryl  L.  Baldwin,  Old  Dominion  University.  The  impact 
of  providing  supplementary-  auditory  route  guidance  (ARG)  information  on  navigation  performance 
and  cognitive  map  development  was  examined  in  a  driving  simulator.  Information  pertaining  to 
either  salient  landmarks  or  cardinal  directions  was  added  to  a  standard  ARG  format  to  form  three 
ARG  formats  (standard,  landmark,  and  cardinal).  We  predicted  that  the  landmark  and  cardinal 
formats  would  result  in  superior  navigational  performance  and  cognitive  map  development  as 
measured  by  the  number  of  trials  required  to  learn  each  route  and  the  number  of  errors  made  during 
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the  learning  of  each  route.  Repeated  measures  ANOVAs  revealed  that  participants  required 
significantly  fewer  trials  to  learn  routes  with  the  landmark  ARG  format  relative  to  the  traditional 
ARG  format  and  made  significantly  fewer  navigational  errors  while  using  the  landmark  ARG  format 
relative  to  both  the  cardinal  ARG  format  and  the  standard  ARG  format.  No  degradations  in  driving 
performance  were  observed  for  any  of  the  ARG  formats.  These  results  have  implications  for 
improving  the  design  of  in-vehicle  route  guidance  systems  without  compromising  transportation 
safety. 


TESTING  THE  STRUCTURE  OF  PERSONALITY  AMONG  TELEWORKERS.  Heather  J. 
Downey  &  Donald  D.  Davis.  Old  Dominion  University.  For  decades,  personality  theorists  have 
been  applying  theory  to  the  world  of  work  by  attempting  to  predict  work  behaviors  using  personality 
factors.  As  technology  has  advanced  in  the  workplace  alternatives  to  the  traditional  workplace,  such 
as  telework,  have  emerged.  This  research  tests  the  hypotheses  that  the  structure  of  personality  is  the 
same  for  the  population  of  teleworkers  and  the  general  population  and  that  this  structure  consists  of 
six  unique  personality  factors.  Results  indicated  that  extraversion,  neuroticism,  openness  to 
experience,  and  agreeableness  items  load  onto  the  expected  factors.  Conscientiousness  and  self- 
efficacy  appeared  not  be  distinct  from  one  another.  This  may,  however,  be  due  to  limitations  of  the 
study.  Future  research  should  be  done  to  lend  support  to  the  conclusion  that  personality  structure 
is  the  same  in  teleworkers  as  in  the  general  population.  In  addition,  personality  should  now  be 
looked  at  as  a  predictive  tool  in  understanding  effectiveness  of  teleworkers. 


THE  EFFECT  OF  THE  PFIESTERIA  TOXIN  ON  RAT  BEHAVIOR  IN  THE  ELEVATED  PLUS 
MAZE.  E.  A.  Tracy,  S.  A.  Schultz  &  P.  M.  Duncan,  Department  of  Psychology,  Old  Dominion 
University,  Norfolk,  VA  23529.  This  study  is  part  of  an  ongoing  project  investigating  the  effects 
Pfiesteria  has  on  rats  with  regard  to  anxiety.  Pfiesteria  is  a  toxic  dinoflagellate  found  in  nearby 
waters  responsible  for  several  mass  fish  kills.  Twenty-three  male,  Long  Evans  rats  were  observed 
on  the  elevated  plus  maze  (EPM)  to  give  a  measure  of  anxiety.  The  rats  were  separated  into  two 
groups,  Pfiesteria-Qx^osQd  and  a  control  group.  The  rats  were  tested  in  the  EPM  for  ten  minutes  on 
each  of  four  consecutive  days.  Anxiety  is  present  when  the  rats  make  fewer  total  entries  throughout 
the  maze  and  spend  less  time  in  the  open  arm  areas  of  the  maze.  Significant  differences  were  seen 
for  the  first  test  day  only.  Rats  exposed  to  Pfiesteria  made  fewer  total  entries  than  the  control  group, 
/(21)=2.98,;?<.05,  spent  less  time  in  the  open  arm  area  of  the  EPM,  /(21)=2.10,p<.05,  and  thus 
demonstrated  more  anxiety  than  the  control  group.  Exposure  in  humans  has  also  caused  anxiety  as 
indicated  by  self-report.  Anxiety  in  the  current  study  was  not  as  strong  as  seen  in  previous 
experiments,  perhaps  due  to  a  less  toxic  Pfiesteria  culture. 


MALE  AND  FEMALE  FACE  RECOGNITION:  WHO  REMEMBERS  WHO?  Joel  Ojdana  & 
Laura  L.  Westerman,  Washington  and  Lee  University.  Can  males  and  females  recognize  faces  of 
their  own  sex  better  than  the  opposite  sex?  If  so,  does  the  angle  the  face  is  viewed  from  have  an 
effect  on  recognition?  We  presented  a  slide  show  of  12  male  and  12  female  faces  to  36  male  and 
female  college  students.  A  recognition  test  was  administered  after  the  initial  presentation.  The  test 
included  12  faces  from  the  original  slide  show  and  12  new  faces.  These  faces  were  presented  from 
the  front,  as  a  profile,  or  inverted.  No  significant  differences  were  found  between  males  and  females 
in  facial  recognition  accuracy  under  all  conditions.  Faces  viewed  as  profiles  were  hardest  to 
recognize,  followed  by  inverted  faces,  leaving  frontal  faces  easiest  to  recognize.  Female  faces  were 
recognized  more  often  than  males  overall,  except  in  the  profile  condition  in  which  male  faces  were 
recognized  more  accurately.  Thus,  further  research  is  needed  to  reveal  the  nature  of  the  interaction 
between  orientation  and  the  sex  of  the  face. 


EXTINCTION  VERSUS  REINFORCEMENT  TESTING  IN  RATS  USING  A  CLOZAPINE 
DISCRIMINATION  TASK.  Chad  L.  Stephens,  Adam  J.  Prus,  Alan  L.  Pehrson,  Scott  D.  Philibin, 
&  Joseph  H.  Porter,  Dept,  of  Psychology,  Virginia  Commonwealth  University,  Richmond,  VA. 
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Clozapine  (CLZ),  the  prototype  for  atypical  antipsychotic  drugs  (APDs),  establishes  a  robust 
discriminative  cue  in  two-lever  drug  discrimination  studies  that  is  pharmacologically  specific  to 
most  atypical  APDs.  CLZ  drug  discrimination  studies  have  been  conducted  using  both 
reinforcement  and  extinction  testing  conditions  that  have  produced  different  results.  The  present 
study  evaluated  both  extinction  and  reinforcement  testing  conditions  in  rats  trained  to  discrimination 
1 .25  mg/kg  CLZ  from  vehicle  (VEH)  in  a  two-choice  drug  discrimination  task.  A  fixed  ratio  30  food 
reinforcement  schedule  was  used  for  both  CLZ  and  VEH  training  sessions  and  for  the  reinforcement 
test  sessions.  CLZ  generalization  did  not  differ  between  extinction  and  reinforcement  test  conditions 
for  any  of  the  compounds  tested.  CLZ  fully  substituted  (>  80%  drug-lever  responding  [DLR])  for 
itself  at  the  0.625  mg/kg  dose.  The  typical  APD  haloperidol,  failed  to  substitute  for  the  CLZ 
discriminative  cue.  Based  on  these  results,  studies  using  either  extinction  or  reinforcement  testing 
conditions  in  the  two-choice  drug  discrimination  procedure  should  find  similar  results. 


Statistics 

A  WRITING  COURSE  FOR  STATISTICS  &  OPERATIONS  RESEARCH.  W.  Scott  Street,  IV 
&  Jill  R.  Hardin,  Department  of  Statistical  Sciences  and  Operations  Research,  Virginia 
Commonwealth  University,  Richmond,  VA  23284-3083.  Through  a  Center  for  Teaching  Excellence 
at  Virginia  Commonwealth  University  grant,  we  have  developed  a  writing  intensive  course  for  the 
undergraduate  students  of  our  Department.  Surveys  of  students,  faculty,  and  industry  professionals 
have  helped  us  to  identify  deficient  areas  in  student  communication  as  it  pertains  to  writing  in 
statistics  and  operations  research.  We  will  discuss  the  results  of  these  surveys  and  present  our 
general  course  plan.  Our  approach  aims  not  only  to  correct  student  deficiencies,  but  also  to  train 
students  in  the  fundamentals  of  professional  writing.  Examples  of  course  content  will  be  presented. 
Techniques  employed  in  the  course  include  peer-reviewing,  editing,  written  correspondence,  oral 
presentation,  and  working  in  groups.  We' anticipate  that  this  course  will  provide  students  with 
crucial  skills  for  academic  and  professional  success. 


THE  SEARCH  FOR  E-OPTIMAL  BLOCK  DESIGNS.  J.  P.  Morgan,  Department  of  Statistics, 
Virginia  Tech,  Blacksburg,  VA  24061.  A  regular  graph  design  (RGD)  is  a  block  design  for  v 
treatments  in  b  blocks  of  size  k  that  is  (i)  binary,  (ii)  equireplicate,  and  for  which  (iii)  the  pairwise 
treatment  concurrence  counts  take  only  two  values,  which  differ  by  one.  John  and  Mitchell  (1977) 
conjectured:  "If  an  incomplete  block  design  is  D-optimal  (or  A-optimal  or  E-optimal),  it  is  an  RGD 
(if  an  RGD  exists)."  They  then  went  on  to  enumerate,  aside  from  a  few  cases  beyond  their 
computational  reach,  the  A-,  D-,  and  E-best  RGD's  for  v  up  to  12  and  up  to  10  replicates.  Curretnly 
no  design  is  known  that  contradicts  their  conjecture  for  the  A  or  D  criteria.  While  many  of  their 
designs  have  been  proven  E-optimal,  there  are  still  more  than  a  few  open  cases.  Employing  a  blend 
of  theory  and  computation,  the  E-optimality  problem  is  here  solved  for  v  up  to  15.  Included  are 
counterexamples  to  conjectured  E-optimal  designs  in  John  and  Mitchell's  (1977)  table,  and  designs 
which  they  were  unable  to  solve.  The  concept  of  2-regular  graphs  plays  a  key  role. 


SOME  IMPLICATIONS  OF  F-UNIFORM  ERGODICITY  FOR  INFERENCE  WITH 
NONLINEAR  TIME  SERIES.  Thomas  R.  Boucher,  Dept,  of  Statistics,  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg  VA  24061-0439.  One  method  of  demonstrating 
ergodicity  of  a  Markov  chain  is  to  construct  a  test  function  V  of  the  chain  that  satisfies  a  stochastic 
drift  criterion.  Limit  laws  exist  for  partial  sums  of  functions  of  the  data  that  are  uniformly  bounded 
by  the  test  function  V .  We  apply  existing  results  that  enable  norm-like  test  functions  to  be  'boosted' 
to  an  exponential,  implying  the  existence  of  all  moments  of  the  stationary  distribution  of  the  Markov 
chain  and  a  novel  approach  to  asymptotic  results  for  statistics.  We  demonstrate  that  F-uniformly 
ergodic  cyclic  threshold  autoregressive  time  series  models  and  certain  nonlinear  autoregressive  time 
series  models  fall  under  this  rubric. 
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VAS  Best  Student  Paper  Awards 

Agriculture,  Forestry,  and  Aquaculture 

Best  Student  Paper: 

The  Pectoral  Spine  of  the  Channel  Catfish  as  an  Anti-predator  Adaptation:  an  Experimental  Study 
Bishop  T.  Bosher,  Department  of  Biology,  Virginia  Commonwalth  University 

Honorable  Mention: 

Cantaloupe  Production  Without  Using  Nitrogen  Fertilizers 

Brian  Wooden,  Agricultural  Research  Station,  Virginia  State  University 

Honorable  Mention: 

Relationship  between  Alkaloids  in  Seed  and  White  Lupin  Plant  Tissue 
Kristina  Staples,  Agricultural  Research  Station,  Virginia  State  University 


Archaeology 

Best  Student  Paper: 

17th  and  18th  Century  Turned  Lead  at  Shirley  Plantation 

K.  L.  Swanson,  William  and  Mary  Center  for  Archaeological  Research 


Astronomy,  Mathematics,  and  Physics 

Best  Student  Paper: 

The  Scientific  Dialogue  between  Light  and  Sound:  Siir's  Photo-Acoustic  Theory 
Siir  Kilkis,  Georgetown  University 


Biology  with  Microbiology  and  Molecular  Biology 

Best  Student  Paper: 

A  Comparison  of  Mitochondrial  DNA  Analysis  and  Morphological  Characters  to  Determine  the 
Taxonomy  of  Cicindela  hirticollis  Populations  on  the  Mid-Atlantic  Seaboard 
M.  Ryan  Woodcock,  Department  of  Biology,  Randolph-Macon  College 

Honorable  Mention: 

PAFAH  Regulation  by  STAT-1 

Jean  Lin,  Department  of  Biochemistry,  Virginia  Commonwealth  University 
Honorable  Mention: 

Transforming  Growth  Factor  beta-1  Control  of  Mouse  Mast  Cell  Survival  and  Function 
Famaz  Norozian,  Department  of  Biology,  Virginia  Commonwealth  University 

Honorable  Mention: 

Development  of  a  Recombinant  Vaccine  for  Pneumonic  Plague  Using  a  VirG-TyeA  Fusion  Protein 
Expression  System 

Kristina  Ryden,  Department  of  Integrated  Science  and  Technology,  James  Madison  University 
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Biomedical  and  General  Engineering 

Best  Student  Paper: 

Changes  in  Dominant  Frequency  Domains  Prior  to  Spontaneous  Termination  of  Ventricular 
Fibrillation 

Suresh  E.  Joel,  Department  of  Biomedieal  Engineering,  Virginia  Commonwealth  University 
Honorable  Mention: 

Proximal  Humeral  Fractures:  Comparison  of  Fixation  Methods 

Joseph  M.  laquinto.  Department  of  Biomedical  Engineering,  Virginia  Commonwealth  University 
Honorable  Mention: 

On  the  Use  of  Quasi-Optimal  Bounding  Ellipsoid  (QOBE)  Algorithm  in  Classification  Problems 
Timothy  Kraus,  Dept  of  Physics,  Computer  Science  and  Engineering,  Christopher  Newport 
University 


Botany 

Best  Student  Paper: 

The  Genetic  Expression  of  the  Chloroplast  Maturase  Gene,  matK 
Miehelle  M.  Barthet,  Department  of  Biology,  Virginia  Tech 

Honorable  Mention: 

Propagation  of  Saintpaulia  rupicola  from  Encapsulated  Shoot  Primordia 
Clara  Jo  Elder,  Department  of  Biology,  James  Madison  University 

Honorable  Mention: 

Genomic  Relations  in  the  Peanut  Genus  (Arachis) 

S.  A.  Friend,  Department  of  Biology,  Virginia  Tech 

Chemistry 

Best  Student  Paper: 

Infrared  Reflectance  Absorbance  Spectroscopy  of  the  Temperature  Dependence  of  Liquid  Crystal 
Adsorption  on  Graphite 

E.  M.  Griffiths,  Department  of  Chemistry,  Mary  Washington  College 
Honorable  Mention: 

Synthesis  of  Open  Framework  Transition  Metal  Phosphonates  Derived  from  Substituted  Benzyl 
Phosphonates 

Christine  L.  Heinecke,  Department  of  Chemistry,  James  Madison  University 


Computer  Science 

Best  Student  Paper: 

Multi-Modal  Pervasive  Computing 

Moses  C.  Allotey-Pappoe,  Department  of  Computer  Science,  Norfolk  State  University 


Geography 

Best  Student  Paper: 

Techniques  in  Coastal  Dune  Feature  Mapping,  First  Landing  State  Park,  Virginia 
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George  M.  McLeod,  Department  of  Political  Science  and  Geography,  Old  Dominion  University 
Materials  Science 

Best  Student  Paper: 

Fabrication  of  Polymer-Based  Microfluidic  Devices 
Antoinett  C.  Bonhivert,  Department  of  Chemistry,  JMU 


Medical  Sciences 

Best  Student  Paper: 

Hsp90  and  p23:  A  Functional  Association  with  Telomerase  and  Telomeres? 

Sarah  A.  Compton,  Department  of  Pharmacology  and  Toxicology,  Virginia  Commonwealth 
University 

Honorable  Mention: 

Mast  Cell  Development  and  Parasite  Immunity  in  Mice  with  a  Simultaneous  Disruption  of  IL-3  and 
IL-4R 

James  W.  Chumley,  Department  of  Biology,  James  Madison  University 
Honorable  Mention: 

Aging  Causes  Elevated  Intracellular  Calcium  Levels  and  Altered  Calcium  Homeostatic  Mechanisms 
in  Hippocampal  Neurons 

Laxmikant  S.  Deshpande,  Department  of  Pharmacology  and  Toxicology,  Virginia  Commonwealth 
University 


Natural  History  and  Biodiversity 

Best  Student  Paper: 

Current  Research  on  the  Endangered  Northern  Flying  Squirrels  (Glaucomys  sabrinus)  of  Virginia 
James  L.  Sparks  Jr.,  Department  of  Biology,  Virginia  Commonwealth  University 


Honorable  Mention: 

Systematics  and  Life  History  of  Pulmonate  Gastropods  in  the  Virginia  Piedmont  Area  (Mollusca: 
Gastropoda:  Pulmonata) 

Corraine  A.  Scott,  Department  of  Biology,  Randolph-Macon  Woman's  College 


Psychology 

Best  Graduate  Student  Paper: 

Auditory  Route  Guidance  Systems  and  Facilitating  the  Development  of  Cognitive  Maps 
Ian  Reagan,  Department  of  Psychology,  Old  Dominion  University 

Best  Undergraduate  Student  Paper: 

Attentive  Driving:  Verbal  Warnings  Applied  to  Collision  Avoidance  Systems. 

Katrina  R.  Lewis,  Department  of  Psychology,  Old  Dominion  University 

Graduate  Student  Honorable  Mention: 

Body  Satisfaction  and  Racial  Identity  Development  Differences  between  Black  and  White  Females 
Courtney  Hanley,  Department  of  Psychology,  Old  Dominium  University 
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Undergraduate  Student  Honorable  Mention: 

Body  Image  and  the  Assessment  of  Appearance  Behaviors:  Development  and  Validation  of  the 
Appearance  Behaviors  Inventory 

Erin  Mehalic,  Department  of  Psychology,  Old  Dominion  University 


Statistics 

Best  Student  Paper: 

Optimal  Incomplete  Designs  with  Two  Blocks 
Bo  Jin,  Department  of  Statistics,  Virginia  Tech 

Honorable  Mention: 

Quasi-Multinomial  Distributions:  Properties  and  Applications 

Deepak  Mar,  Department  of  Mathematics  and  Statistics,  Old  Dominion  University 

Honorable  Mention: 

E-Optimal  Designs  with  Three  Treatments  in  Multiway  Blocking 
Valentin  Parvu,  Department  of  Statistics,  Virginia  Tech 
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VIRGINIA  JUNIOR  ACADEMY  OF  SCIENCE 
2004  AWARD  WINNERS 

Presented  at  Virginia  Commonwealth  University,  Richmond,  VA 
May  27,  2003 


AGRICULTURE  AND  ANIMAL  SCIENCE 

Honorable  Mention: 

KATHRYN  E.  AUSTIN 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

ALYSSA  M.  SMILEY 

Shenandoah  Valley  Governor's  School 

Third  Place: 

TABITHA  H.  JONES 

Central  Virginia  Governor's  School 

Second  Place: 

MICHAEL  R.  LANDIS 

Atlee  High  School 

First  Place: 

BURKE  P.  STRANG 

Stonewall  Jackson  Middle  School 

Honorable  Mention: 

ANIMAL  BEHAVIOR  (ETHOLOGY) 

KATHERINE  G.  BLUE 

Central  Virginia  Governor's  School 

Honorable  Mention: 

ALEXANDRA  M.  HILLGROVE 

Manchester  Middle  School 

Honorable  Mention: 

MATTHEW  R.  KOSCHAK 

Deep  Run  High  School 

Third  Place: 

ROHIT  BANERJEE 

Deep  Run  High  School 

Second  Place: 

DAVID  J.  NYCZEPIR 

Maggie  L.  Walker  Governor's  School 

First  Place: 

ANN  CAROLINE  MCMICHAEL  AND  CRYSTAL  Y.  ZHENG 
Thomas  Jefferson  High  School  for  Science  and  Technology 

Honorable  Mention: 

BOTANY  A 

LEAH  K.  BYARS 

Bishop  Denis  J.  O'Connell  High  School 

Honorable  Mention: 

COLIN  C.  CUSTER 

Tuckahoe  Middle  School 

Honorable  Mention: 

MAXWELL  W.  DUNCAN 

Williamsburg  Middle  School 
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Third  Place: 

MATTHEW  H.  BRUCH 

Tuckahoe  Middle  School 

Second  Place: 

REBECCA  A.  BANDY 

Maggie  L.  Walker  Governor’s  School 

First  Place; 

ROGER  B.  ARNOLD,  JR. 

Maggie  L.  Walker  Governor's  School 

BOTANY  B 

Honorable  Mention: 

KELLY  M.  HOTCHKISS 

Stonewall  Jackson  Middle  School 

Honorable  Mention: 

EMILY  J.  NIEDERMAIER 

Deep  Run  High  School 

Honorable  Mention: 

KRISTEENA  L.  RAY 

Mills  E.  Godwin  High  School 

Third  Place: 

CRAIG  J.  KAFURA 

Roanoke  Valley  Governor's  School 

Second  Place: 

MILENA  1.  PETKOV 

George  H.  Moody  Middle  School 

First  Place: 

JARED  E.  KNICLEY 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

BOTANY  C 

JENNIFER  J.  ROACH 

Roanoke  Valley  Governor's  School 

Honorable  Mention: 

LAURA  A.C.  TOURTELLOTTE 

Central  Virginia  Governor's  School 

Honorable  Mention: 

KAITLYN  E.  WARK 

Atlee  High  School 

Third  Place: 

MONICA  N.  SANCHEZ 

Bishop  Denis  J.  O'Cormell  High  School 

Second  Place: 

CAROLINE  K.  VINES 

George  H.  Moody  Middle  School 

First  Place: 

THAIS  L.  TEOTONIO 

Roanoke  Valley  Governor's  School 
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CHEMISTRY  A 


Honorable  Mention: 

ADAM  J.  BAUMGARTNER 

Bishop  Denis  J.  O'Connell  High  School 

Honorable  Mention: 

KRISTINE  N.  BRONNENKANT 

Southwest  Virginia  Governor's  School 

Honorable  Mention: 

TOM  J.  GOWER 

Swanson  Middle  School 

Third  Place: 

BRIDGET  M.  BROPHY 

Bishop  Denis  J.  O'Connell  High  School 

Second  Place: 

RISHI  K.  GANERIWALA 

Mills  E.  Godwin  High  School 

First  Place: 

JONATHAN  S.  CHAN 

Mathematics  and  Science  High  School  at  Clover  Hill 

CHEMISTRY  B 

Honorable  Mention:  BRIAN  T.  JEFFRIES 

Mills  E.  Godwin  High  School 

Third  Place: 

ELIZABETH  M.  LEE 

Bishop  Denis  J.  O'Connell  High  School 

Second  Place: 

CHRISTINE  A.  MCLEAN 

Swanson  Middle  School 

First  Place: 

MATTHEW  J.  RIBLETT 

Manchester  Middle  School 

CHEMISTRY  C 

Honorable  Mention: 

EILEEN  M.  ROOS 

Swanson  Middle  School 

Honorable  Mention: 

ZECHARIAH  T.  ZIMMERMAN 

Roanoke  Valley  Governor's  School 

Third  Place: 

ASHLEY  N.  WORRELL 

Isle  of  Wight  Academy 

Second  Place: 

LANE  WOLLERTON 

Washington-Lee  High  School 

First  Place: 

MICHAEL  R.  SPEED 

Bishop  Denis  J.  O'Connell  High  School 
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COMPUTER  SCIENCE 

Honorable  Mention: 

JOSHUA  K.  CAMPBELL 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

JACOB  M.  HAUSRATH 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

SHANE  M.  HODSON 

Homer  L.  Hines  Middle  School 

Third  Place: 

SHARAD  SHANKAR 

Mills  E.  Godwin  High  School 

Second  Place: 

DVIN  ADALIAN 

Hayfield  High  School 

First  Place: 

JESSICA  L.  BASHKOFF 

Menchville  High  School 

CONSUMER  SCIENCE  A 

Honorable  Mention: 

KELSEY  E.  BURKE 

Tuckahoe  Middle  School  • 

Honorable  Mention: 

NICOLE  C.  CARNEMOLLA 

Lloyd  C.  Bird  High  School 

Honorable  Mention: 

TONYA  K.  CASTAGNA 

Gildersleeve  Middle  School 

Third  Place: 

MARGARET  A.  BOWMAN 

Shenandoah  Valley  Governor's  School 

Second  Place: 

MEGAN  A.  CONNOLLEY 

Chickahominy  Middle  School 

First  Place: 

EMILY  C.  ALMARODE 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

CONSUMER  SCIENCE  B 

KATIE  C.  GREEN 

Princess  Anne  Middle  School 

Honorable  Mention: 

JANICE  E.  MCMILLAN 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

KELLY  M.  ONDER 

J.R.  Tucker  High  School 

Third  Place: 

LEE  A.  STREHLE  AND  CAMILA  F.  YADEAU 
Swanson  Middle  School 
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Second  Place: 

ZACHARY  J.  RICE 

Roanoke  Valley  Governor's  School 

First  Place: 

JAMES  P.  SAWYER 

Woodrow  Wilson  High  School 

EARTH  AND  SPACE  SCIENCE 

Honorable  Mention: 

HILLARY  B.  HUFFER 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

JACQUELINE  E.  DEVEREAUX 

Southwest  Virginia  Governor's  School 

Honorable  Mention: 

DEVON  M.Y.  MILLER 

Douglas  Freeman  High  School 

Third  Place: 

KEVIN  A.  SIHLANICK 

Central  Virginia  Governor's  School 

Second  Place: 

TYLER  S.  SPENCER 

Shenandoah  Valley  Governor's  School 

First  Place: 

RAVI  A.  DEEPAK 

New  Horizons  Governor's  School 

ENGINEERING  A 

Honorable  Mention: 

DANIEL  E.  CURACA-MALITO 

Williamsburg  Middle  School 

Honorable  Mention: 

MATTHEW  F.  DOYLE  AND  PATRICK  A.  CROWLEY 
Williamsburg  Middle  School 

Honorable  Mention: 

WILLIAM  A.  FUCHS 

Yorktown  High  School 

Third  Place: 

ROBERT  BRIK 

Harry  F.  Byrd  Middle  School 

Second  Place: 

MELISSA  A.  DISKIN 

Warwick  High  School 

First  Place: 

STEPHANIE  M.  BROWN 

Warwick  High  School 

ENGINEERING  B 

Third  Place:  BENJAMIN  M.  SPENCE 

Tuckahoe  Middle  School 
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Second  Place: 

BENJAMIN  B.  WILKES 

Manchester  Middle  School 

First  Place: 

MEAGAN  E.  ORMAND 

Mathematics  and  Science  High  School  at  Clover  Hill 

Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  A 

DAVID  S.  CAMPANELLA 

Yorktown  High  School 

Honorable  Mention: 

LAUREN  E.  CATLETT 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention: 

ALEXANDRA  H.  DAVIS 

Shenandoah  Valley  Governor's  School 

Third  Place: 

CANDICE  D.  CARVER 

Chesapeake  Bay  Governor's  School 

Second  Place: 

CARLY  G.  CORRELL 

Southwest  Virginia  Governor's  School 

First  Place: 

CAINON  M.  COATES 

Chesapeake  Bay  Governor's  School 

ENVIRONMENTAL  SCIENCE  B 

Honorable  Mention: 

CAITLIN  A.  FELKER  AND  AWS  K.  ALI 

Wakefield  High  School 

Honorable  Mention: 

THOMAS  B.  HARLESS 

George  H.  Moody  Middle  School 

Honorable  Mention: 

LINDSAY  P.  HARMON  AND  CATHERINE  K.  JAMES 
Chesapeake  Bay  Governor's  School 

Third  Place: 

GARRETT  T.  HATTER 

Shenandoah  Valley  Governor's  School 

Second  Place: 

KAY  N.  GO  WAN  AND  MEGHAN  A.  WIECKOWSKI 
Atlee  High  School 

First  Place: 

KATHLEEN  E.  FLEMING 

Yorktown  High  School 

Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  C 

RYAN  C.  KELLEY 

Mills  E.  Godwin  High  School 
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Honorable  Mention:  ABBY  L.  LUBIN 

Bishop  Denis  J.  O'Connell  High  School 


Honorable  Mention: 

BRYCE  W.  MAXEY 

Roanoke  Valley  Governor's  School 

Third  Place: 

HANNAH  R.B.  MEREDITH 

Manchester  Middle  School 

Second  Place: 

ALEXANDER  P.  KOSTURA 

Roanoke  Valley  Governor's  School 

First  Place: 

SHELLY  L.  JONES 

Warwick  High  School 

Honorable  Mention: 

ENVIRONMENTAL  SCIENCE  D 

MARK  W.  STAGG 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention: 

CANDACE  VANDERPOEL  AND  TERRA  DANTONA 
Deep  Run  High  School 

Honorable  Mention: 

SARAN  B.  ZUCKOFF 

Mathematics  and  Science  High  School  at  Clover  Hill 

Third  Place: 

PAIGE  L.  ROSEMAN 

Roanoke  Valley  Governor's  School 

Second  Place: 

RACHEL  S.  SMITH 

Mathematics  and  Science  High  School  at  Clover  Hill 

First  Place: 

LILLIAN  V.  SMITH 

Chesapeake  Bay  Governor's  School 

Honorable  Mention: 

GENETICS  AND  CELLULAR  BIOLOGY 

VERA  W.  PFEIFFER 

Blacksburg  High  School 

Honorable  Mention: 

SURAVI  SIRCAR 

Mills  E.  Godwin  High  School 

Honorable  Mention: 

SAMANTHA  L.  ZITO 

Swanson  Middle  School 

Third  Place: 

SOHINI  SIRCAR 

Maggie  L.  Walker  Governor's  School 

Second  Place: 

SARAF.  ROUX  AND  MEREDITH  A.  SMITH 

Yorktown  High  School 

First  Place: 

DANIEL  B.  FISHER 

Lee-Davis  High  School 
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MATHEMATICS 

Honorable  Mention: 

D.  ALEX  BURK 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention: 

STEVEN  S.  LI 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention: 

OMARI  S.  STEPHENS 

Mills  E.  Godwin  High  School 

Third  Place: 

NIKET  R.  PANDEY 

New  Horizons  Governor's  School 

Second  Place: 

NAMRATA  VERMA 

York  High  School 

First  Place: 

BRIAN  T.  RICE 

Southwest  Virginia  Governor's  School 

MEDICINE  AND  HEALTH  A 

Honorable  Mention: 

SARAH  K.  BABER 

J.R.  Tucker  High  School 

Honorable  Mention: 

CLAIRE  T.  CONDRO 

Tuckahoe  Middle  School 

Honorable  Mention: 

LYNDSAY  E.  GEORGE 

James  River  High  School 

Third  Place: 

HELEN  HAN 

Maggie  L.  Walker  Governor's  School 

Second  Place: 

KATIE  R.  GOOD 

Maggie  L.  Walker  Governor's  School 

First  Place: 

DAVID  A.  GIBBS  AND  MICHAEL  G.  ABRAHAMS 
H.B.  Woodlawn 

Honorable  Mention: 

MEDICINE  AND  HEALTH  B 

LAUREN  N.  HORNEY 

Southwest  Virginia  Governor's  School 

Honorable  Mention: 

TRACY  L.  JENNINGS 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention: 

JUDITH  Y.  LI 

Deep  Run  High  School 

Third  Place: 

WILLIAM  R.  HIGGINGS  AND  JUDD  A.  SMITH 
Deep  Run  High  School 
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Second  Place: 

DEEPA  IYER 

Mills  E,  Godwin  High  School 

First  Place;  KELLY  M.  O'BRIANT 

Yorktown  High  School 


MEDICINE  AND  HEALTH  C 

Honorable  Mention; 

SAM  B.  ROSENKRANTZ 

Harry  F.  Byrd  Middle  School 

Honorable  Mention: 

SARA  M.  SMALL 

Harry  F.  Byrd  Middle  School 

Honorable  Mention: 

RACHEL  E.  WHEELER 

George  H.  Moody  Middle  School 

Third  Place; 

ZHIYUAN  XU  AND  STEVEN  TERNER 
Mills  E.  Godwin  High  School 

Second  Place: 

APRIL  L.  SPROUSE 

Southwest  Virginia  Governor's  School 

First  Place: 

SHAILY  PANDEY 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention; 

MICROBIOLOGY  A 

CAREY  C.  ATCHER 

Mills  E.  Godwin  High  School 

Honorable  Mention: 

REBECCA  B.  BARLAS 

Williamsburg  Middle  School 

Honorable  Mention: 

CORINNE  M.  HOOGAKKER 

George  H.  Moody  Middle  School 

Third  Place: 

COURTNEY  L.  COX 

Southwest  Virginia  Governor's  School 

Second  Place: 

BENJAMIN  C.  ARANCIBIA 

Mills  E.  Godwin  High  School 

First  Place: 

JESSICA  L.  JONES 

Central  Virginia  Governor's  School 

Honorable  Mention: 

MICROBIOLOGY  B 

THOMAS  J.C.  MORIE 

Yorktown  High  School 

84  VIRGINIA  JOURNAL  OF  SCIENCE 

Honorable  Mention:  SARAH  C.  REID 

James  River  High  School 


Honorable  Mention: 

TANYA  YAJNIK 

Mills  E.  Godwin  High  School 

Third  Place: 

JUSTIN  T.  LITZ 

Chickahominy  Middle  School 

Second  Place: 

MARY  K.  WATSON 

Central  Virginia  Governor's  School 

First  Place: 

ELENA  P.  PALESIS 

George  H.  Moody  Middle  School 

PHYSICAL  SCIENCE  A 

Honorable  Mention: 

HENRY  G.  BOSCO 

Williamsburg  Middle  School 

Honorable  Mention: 

CHRISTOPHER  M.  DAVIS 

Gildersleeve  Middle  School 

Honorable  Mention: 

JONATHAN  I.  LEIBOVIC  . 

George  H.  Moody  Middle  School 

Third  Place: 

ALLISON  M.  LEHMAN 

George  H.  Moody  Middle  School 

Second  Place: 

BARRY  R.  LAWRENCE 

J.R.  Tucker  High  School 

First  Place: 

JOHN  E.  HERMES 

Manchester  Middle  School 

PHYSICAL  SCIENCE  B 

Honorable  Mention: 

PATRICIA  K.  RYAN 

Manchester  Middle  School 

Honorable  Mention: 

JOEY  P.  SAMUELS 

George  H.  Moody  Middle  School 

Honorable  Mention: 

EILEEN  G.  MCFARLAND 

Swanson  Middle  School 

Third  Place: 

CAROLINE  E.  PELNIK 

George  H.  Moody  Middle  School 

Second  Place: 

ALEXANDRA  D.  REINER 

Tuckahoe  Middle  School 
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First  Place: 

KIRSTEN  F.  RUMSEY 

Gildersleeve  Middle  School 

Honorable  Mention; 

PHYSICS  A 

GEOFFREY  M.  CERTNER 

Tuckahoe  Middle  School 

Honorable  Mention: 

REGINA  M.  DUFFY 

Bishop  Denis  J.  O'Connell  High  School 

Honorable  Mention: 

SAMANTHA  M.  FARRIS 

Yorktown  High  School 

Third  Place: 

DAVID  M.  EAST  AND  JARED  C.  PARKS 
Goochland  High  School 

Second  Place: 

TIMOTHY  M.  DANNENHOFFER 
Manchester  Middle  School 

First  Place: 

WREN  M.  BLACKWELL 

Hanover  High  School 

Honorable  Mention: 

PHYSICS  B 

PETER  S.  FISHER-DUKE 

James  River  High  School 

Honorable  Mention: 

ROBERT  D.  HAGAN 

Mills  E.  Godwin  High  School 

Honorable  Mention: 

SAMANTHA  A.  MUTTER 

Yorktown  High  School 

Third  Place: 

JEAN-LUC  E.T.  LARAMIE 

Bishop  Denis  J.  O'Connell  High  School 

Second  Place: 

DAVID  M.  KAMENSKY 

Washington-Lee  High  School 

First  Place: 

STEPHEN  K.  MAND 

Atlee  High  School 

Honorable  Mention; 

PHYSICS  C 

STEPHEN  T.  RENNER 

Bishop  Denis  J.  O'Connell  High  School 

Honorable  Mention: 

RACHEL  E.  WATSON 

Menchville  High  School 

Honorable  Mention: 

C.  ELLIS  WISELY 

Shenandoah  Valley  Governor's  School 
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Third  Place: 

SHIV  AN  SARIN 

Roanoke  Valley  Governor's  School 

Second  Place: 

DAVID  P.  TALAIVER 

Lloyd  C.  Bird  High  School 

First  Place: 

ANANT  SHUKLA 

Manchester  Middle  School 

PSYCHOLOGY  -  GENERAL 

Honorable  Mention: 

JUSTIN  J.  CLOUGH 

Shenandoah  Valley  Governor's  School 

Honorable  Mention: 

ELIZABETH  LAPRELLE 

Southwest  Virginia  Governor's  School 

Honorable  Mention: 

MARA  S.  ROSENKRANTZ 

Mills  E.  Godwin  High  School 

Third  Place: 

KEENAN  C.  MCKENZIE 

Central  Virginia  Governor's  School 

Second  Place: 

NATHAN  S.  FALK 

Manchester  Middle  School 

First  Place: 

KELLY  F.  JOHNSON 

Shenandoah  Valley  Governor's  School 

PSYCHOLOGY  -  LEARNING  &  PERCEPTION  A 


Honorable  Mention: 

KATHRYN  L.  CUMMINGS 

Southwest  Virginia  Governor's  School 

Honorable  Mention: 

DANIEL  B.  DAUGHERTY,  JR. 

Central  Virginia  Governor's  School 

Honorable  Mention: 

MATTHEW  S.  HARRIS 

Atlee  High  School 

Third  Place: 

ALYSSA  M.  CONNIFEY 

Harry  F.  Byrd  Middle  School 

Second  Place: 

ROBERT  J.  JOYCE  AND  JONATHAN  M.  HICKS 
Woodrow  Wilson  High  School 

First  Place: 

AMBER  G.  KUNKEL 

George  H.  Moody  Middle  School 
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PSYCHOLOGY  -  LEARNING  &  PERCEPTION  B 

Honorable  Mention:  RACHEL  L.  SAVOY 

Maggie  L.  Walker  Governor's  School 
Honorable  Mention:  LOGAN  A.  SMITH 

Harry  F.  Byrd  Middle  School 


Third  Place: 

KATHARINE  A.  SCHELLMAN  AND  COLLEEN  C.  MITCHELL 
Washington-Lee  High  School 

Second  Place: 

MATTHEW  T.  WILSON 

Shenandoah  Valley  Governor's  School 

First  Place: 

DAVID  G.  WISE 

Mills  E.  Godwin  High  School 

PSYCHOLOGY  -  SOCIAL 

Honorable  Mention: 

LISA  M.  BOWMAN 

Maggie  L.  Walker  Governor's  School 

Honorable  Mention: 

ALYSSA  J.  LOTT  AND  KATIE  0.  OLDHAM 

Yorktown  High  School 

Honorable  Mention: 

EMILY  K.  SCHAFER 

Tuckahoe  Middle  School 

Third  Place: 

JAMIE  L.  LAHVIC 

Maggie  L.  Walker  Governor's  School 

Second  Place: 

ALEX  W.  COOK 

Yorktown  High  School 

First  Place: 

ABBIE  V.  MORGAN 

Blacksburg  High  School 

STATISTICS 

Honorable  Mention: 

CARLIE  A.  OVERFELT 

Southwest  Virginia  Governor's  School 

Honorable  Mention: 

HOLLY  L.  PECK  AND  MEGAN  A.  RIDGWAY 

Hermitage  High  School 

Honorable  Mention: 

IVAYLO  1.  PETKOV  AND  HERBERT  M.  HESTER 

Mills  E.  Godwin  High  School 

Third  Place: 

JIE  NI  XUE  AND  ONO  U.  NSEYO 

Mills  E.  Godwin  High  School 

Second  Place: 

ANDREW  K.  JENNINGS 

Southwest  Virginia  Governor's  School 
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First  Place:  SRINIVASAN  SATHYANARAYANAN 

Mills  E.  Godwin  High  School 


ZOOLOGY 


Honorable  Mention: 

MATTHEW  E.  CAPLAN 

Gildersleeve  Middle  School 

Honorable  Mention: 

ZACK  G.  GRASSO 

Manchester  Middle  School 

Honorable  Mention: 

SHANNON  M.  RHOTEN 

Manchester  Middle  School 

Third  Place: 

JAMES  R.  MARKS 

Chesapeake  Bay  Governor's  School 

Second  Place: 

ABHINAY  SAWANT,  JESSE  T.  GENESON,  ANDREW  S.  PUNNOOSE 
Thomas  Jefferson  High  School  for  Science  and  Technology 

First  Place: 

ERIN  B.  STRANG 

Lee-Davis  High  School 

Special  Awards 

Botany  Section  Award,  given  by  the  Botany  Section  of  the  VAS,  to  the  best  paper  on  a  botanical 
subject.  ($150.00) 

THAIS  L.  TEOTONIO 
Roanoke  Valley  Governor's  School 

VJAS  Neuroscience  Awardssupported  by  the  Virginia  Neurological  Society  is  given  to  an 
out-standing  paper  in  the  field  of  neuroscience  ($100). 

MAIJA  PAEGLE 

Bishop  Denis  J.  O'Connell  High  School 


Speleological  Society  Awardgiven  to  the  best  paper  addressing  karst  or  topics  related  to  speleology 
given  by  the  Richmond  Area  Speleological  Society.  ($200.00) 

ANNIE  G.  GILLILAND  AND  ANNA  S.  CHAN 
Yorktown  High  School 


Mathematics  Award  for  the  paper  that  evidences  the  most  significant  contribution  in  the  field  of 
Mathematics.  ($200.00) 

BRIAN  RICE 

Southwest  Virginia  Governor's  School 
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Statistics  Award  for  the  paper  that  evidences  the  most  significant  contribution  in  the  field  of 
Statistics  ($200.00) 

SRINIVASAN  SATHYANARAYANAN 
Mills  E.  Godwin  High  School 

Smith  Shadomy  Infectious  Disease  Award  in  honor  and  memory  of  Dr.  Smith  Shadomy  given 
by  the  Virginia  Chapter  of  the  National  Foundation  of  Infectious  Diseases.  ($50.00) 

CAREY  ARCHER 

Mills  E.  Godwin  High  School 


Roscoe  Hughes  Award  for  the  best  paper  in  the  field  of  Cellular  Biology  ($150.00) 
SOHINI  SIRCAR 

Maggie  L.  Walker  Governor's  School 


Rodney  C.  Berry  Chemistry  Awardfor  the  paper  that  evidences  the  most  significant  contribution 
in  the  field  of  chemistry.($200.00) 

JONATHAN  S.  CHAN 

Mathematics  and  Science  High  School  at  Clover  Hill 


The  Dr.  and  Mrs.  Preston  H.  Leake  Award  in  Applied  Chemistry  will  be  given  to  the  author  of 
a  research  paper  which  best  exemplifies  how  chemicals,  chemical  principles,  or  chemistry  have  been 
used,  are  used,  or  might  be  used  to  enhance  or  even  to  save  life.  ($150.00) 

DEEPA  IYER 

Mills  E.  Godwin  High  School 


Russell  J.  Rowlett  Awardfor  the  Best  Research  Paper  of  the  Year.  ($50.00) 
BRIAN  RICE 

Southwest  Virginia  Governor's  School 


The  Virginia  Psychological  Foundation  Meritorious  Research  Awards  recognize  outstanding 

presentations  of  research  in  the  various  fields  of  psychology.  Presented  by  James  P.  O'Brien.  ($100 
each  for  4  winners) 

KELLY  F.  JOHNSON 
Shenandoah  Valley  Governor's  School 

AMBER  G.  KINKEL 
George  H.  Moody  Middle  School 

DAVID  G.  WISE 

Mills  E.  Godwin  High  School 

ABBIE  B.  MORGAN 
Blacksburg  High  School 
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Virginia  Sea  Grant  College  Program  Award  is  given  by  the  Virginia  Sea  Grant  College  Program 
for  outstanding  marine  or  coastal  research.  ($100.00) 

CAINON  M.  COATES 
Chesapeake  Bay  Governor's  School 


American  Cancer  Society  Award-  This  award  is  to  recognize  outstanding  science  papers  related 
to  cancer  research.  A  certificate  to  each  and  to  1st  place  -  $150,  2nd  place  $100,  There  will  be  a 
ribbon  for  each  winner.  These  awards  are  provided  by  the  American  Cancer  Society  (Virginia 
Council).  These  awards  are  being  presented  by  Sukie  McCormick,  American  Cancer  Society. 

Second  Place 

SHAILEY  PANDEY 

Maggie  L.  Walker  Governor's  School 

First  Place 

SURAVI  SIRCAR 

Mills  E.  Godwin  High  School 


The  Gamma  Sigma  Delta  Award(Agriculture).  Presented  by  the  VPI  &  SU  Chapter  of  the  Honor 
Society  of  Agriculture.  This  award  is  presented  in  recognition  of  excellence  in  research  dealing  with 
application  of  new  technologies  and/or  concepts  in  agriculture  forestry,  or  veterinary  medicine. 
($200.00) 

BURKE  P.  STRANG 
Stonewall  Jackson  Middle  School 


Dominion  -  W.W.  Berry  Award.  This  award  is  given  by  Dominion  Virginia  Power  in  honor  of  Mr. 
W.  W.  Berry  who  was  a  past  Chairman  of  the  Board  of  VA  Power.  This  award  of  a  $500.00  Savings 
Bond  will  be  presented  to  the  best  engineering  paper.  The  winners  must  see  the  Director  by  the  stage 
after  the  awards  ceremony. 

STEPHANIE  M.  BROWN 
Warwick  High  School 


The  Joyce  K.  Peterson  Award  is  presented  for  the  outstanding  paper  by  a  middle  school  student. 
It  is  presented  in  honor  of  Mrs.  Joyce  K.  Peterson  who  has  been  an  outstanding  teacher  in  the 
Arlington  County  Schools.  ($50) 

YU  ZHAO 

Harry  F.  Byrd  Middle  School 


The  Ann  M.  Hancock  Award  -  This  award  is  given  to  the  best  paper  in  genetics  and  is  given  in 
memory  of  Anne  Hancock  who  retired  from  Patrick  Henry  High  School  in  Hanover  County  and  who 
gave  many  years  of  service  to  the  Jr.  Academy  not  only  by  teaching  but  also  serving  on  the  Jr. 
Academy  Committee.  ($100) 


DANIEL  FISHER 
Lee-Davis  High  School 
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Dorothy  Knowiton  Award  -  This  award  is  given  to  the  best  paper  in  the  Consumer  Science 
section(s)  and  is  given  in  honor  of  Dorothy  Knowiton,  former  Science  Coordinator  of  Arlington 
County  Schools.  ($50) 

E.  BRYDIN  BANNING 
J.R.  Tucker  High  School 


VABE  Award  -  This  award  is  presented  by  the  Virginia  Association  of  Biology  Educators  and  is 
given  for  outstanding  research  in  the  Zoology  section.  ($100) 

ERIN  B.  STRANG 
Lee-Davis  High  School 


Virginia  Museum  of  Natural  History  Award  -  Presented  by  the  Friends  of  the  Virginia  Museum 
of  Natural  History  in  recognition  of  significant  contribution  in  the  study  and  interpretation  of 
Virginia's  Natural  Heritage.  The  winner  will  receive  $100  at  a  subsequent  Friends  meeting  in 
Martinsville,  VA.  This  award  will  be  presented  by  the  VA  Museum  of  Natural  History  Director,  Tim 
Gette. 

ANNIE  G.  GILLILAND  AND  ANNA  S.  CHAN 
Yorktown  High  School 


Trip  to  AJAS  -  AAAS  Meetingfor  two  students  and  two  alternates  for  presenting  outstanding 
papers.  The  2005  meeting  will  be  held  in  Feb. in  D.C.  Please  meet  with  Bobby  Surry  in  front  of  the 
stage  after  the  awards  ceremony. 

winner  ELENA  PALESIS 
George  H.  Moody  Middle  School 

winner  DANIEL  FISHER 
Lee-Davis  High  School 

alternate:  SHAILY  PANDEY 

Maggie  L.  Walker  Governor's  School 

alternate:  ERIN  B.  STRANG 

Lee-Davis  High  School 


Honorary  Membership  -  AAASgiven  to  two  students. 

ZACHARY  CAPPELLO 
Lee-Davis  High  School 

NAMRATA  VERMA 
York  High  School 


Honorary  Membership  -  VASgiven  to  a  student. 

ASHLEY  MORGAN 
Atlee  High  School 
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Bethel  High  School  Scholarship-  This  $1,000  Scholarship  Award  comes  from  the  interest  earned 
from  a  $  1 0,000  endowment  contributed  by  the  students  of  Bethel  High  School,  Hampton,  Va.,  over 
a  two  year  period.  This  award  is  based  on  both  the  students  presentation  and  paper. 

CAINON  M.  COATES 
Chesapeake  Bay  Governor's  School 


VCU  Scholarship  -  This  year,  2004,  Virginia  Commonwealth  University,  the  Virginia  Junior 
Academy  of  Science  host  university,  will  offer  a  scholarship  to  a  senior  who  has  written  an 
outstanding  research  paper  and  who  plans  to  attend  VCU.  The  scholarship  will  cover  in-state  tuition 
and  fees  and  is  renewable  for  three  additional  years,  provided  the  appropriate  GPA  is  maintained. 
This  scholarship  will  be  presented  by  Tom  Huff. 

CANDICE  CARVER 
Chesapeake  Bay  Governor's  School 


Henry  MacKenzie  Environmental  Scholarship  -  This  $5,000  scholarship  will  be  awarded  to  the 
student  whose  paper  evidences  the  most  significant  contribution  in  the  field  of  Environmental 
Science  dealing  with  the  James  River  Basin  and  Chesapeake  Bay.  The  Virginia  Endowment  and 
VJAS  offer  this  scholarship  in  tribute  to  the  outstanding  and  generous  services  of  Judge  Henry  W. 
MacKenzie,  Jr.,  one  of  the  founding  directors  who  has  a  great  interest  in  the  James  River  and  the 
Chesapeake  Bay. 

CAINON  M.  COATES 
Chesapeake  Bay  Governor's  School 


Frances  and  Sydney  Lewis  Environmental  Scholarship:A  $14,000  scholarship  ($3,500  per  year 
for  four  years)  for  the  best  effort  by  a  student  in  grades  9  to  12  in  the  field  of  environmental  science. 
This  scholarship  is  in  the  name  of  Frances  and  Sydney  Lewis  and  is  given  by  the  Virginia 
Environmental  Endowment. 

RACHEL  SMITH 

Mathematics  and  Science  High  School  at  Clover  Hill 


E.C.L.  Miller  Science  Teacher  of  the  Year  Award  is  given  to  an  outstanding  science  teacher.  An 
all-expense-paid  trip  to  next  year's  AAAS  which  will  be  in  D.C.  and  now  Bobby  Surry  will  award 
this  honor. 

DANIEL  LEWANDOWSKI 
Woodrow  Wilson  High  School 
Portsmouth  City  Public  Schools 


VJAS  Distinguished  Service  Award,  most  prestigious  award  given  by  the  VJAS,  is  presented  to 
a  person  for  exceptionally  outstanding  service  to  the  VJAS.  This  award  is  being  presented  by  Susan 
Booth,  VJAS  Director. 


BRANSON  WAYNE  MURRILL 
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Election  results  —  new  officers 

Historian  -  JERRELL  COLEMAN  -  Huguenot  High  School 
Secretary  -  MEGAN  RIDGWAY  -  Hermitage  High  School 
Vice  President  -  JIYATI  VERMA  -  York  High  School 
President  -  HELEN  HAN  -  Maggie  L.  Walker  Governor's  School 


Recently  Elected  Fellows 

recognized  at  2004  VAS  Banquet  (from  left  to  right) 

Harold  G.  Marshall,  Morgan  Professor  Emeritus  and  Designated  Research  Scientist  in  Biological 
Sciences,  Old  Dominion  University,  Norfolk,  VA 

Rosemary  Barra,  Professor  of  Biological  Sciences,  Mary  Washington  College,  Fredericksburg,  VA 

Arthur  F.  Conway,  Professor  of  Biology  and  Director  of  College  Honors  Program,  Randolph- 
Macon  College,  Ashland,  VA 
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CORRECTION 


In  the  article  - 

Maurakis,  Eugene  G.  and  David  V.  Grimes.  2003.  Predicting  Fish  Species  Diversity  in  Lotic 
Freshwaters  of  Greece.  Va  J  Sci  54(3&4);  151-168,  Table  2a,  on  page  157  was  corrupted  during 
the  transfer  process  to  print.  The  corrected  table  is  below. 


TABLE  2a.  Presence  ( 1 )  and  absence  (blank)  of  species  by  drainage  and  stream  order  collected  in  Aheron. 
Arachthos.  Evinos,  Kalamas,  Louros,  Kiffisos.  and  Sperchios  drainages  of  Greece,  1993  and  2000-2002. 


Aheron 

Arachthos  Evinos  Kalamas 

Louros  Kiffisos 

Sperchios 

Species  Order  1 

12  3  4  12  3 

3  3 

2  4  5 

Anguilla  anguilla  1 

Alburnoides  bipiinctatiis 

Carassitis  gibelio 

Barbus  albanicus 

Barbus  cyclolepis 

Barbus  graecus 

1 

1  1  1 

1 

1 

1  1  1 

1  1  1 

1 

Barbus  peloponnesiiis  1 

Lend  sens  cephalus 

Leuciscus  cf  svallize 

111  1  1  I  1 

111  1  111 

1  1 

1 

1 

1 

Phoxinellus  pleurobipunctatus  1 
Pseiidophoximis  boeticus 
Pseudophoximis  stymphalicus 

111  1  111 

1 

I 

1 

1  1 

1  1 

Rutilus  ylikiensis 

1 

1 

Scardinius  graecus 

Tinea  tinea 

Cobit  is  arach  th  os  e  ns  is 

Mugil  cephalus 

Sal  mo  triitta 

Gamhiisia  holbrooki 

Solaria  Jluviotilis  1 

Gasterosteus  aculeatiis 

1 

1 

1 

1  I 

1 

1 

1 

1 

TOTAL  4 

5  4  6  3  4  5  6 

6  7 

3  3  5 
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ABSTRACT 

Mountain  Lake,  Virginia  is  a  small,  unique,  oligotrophic,  subalpine  ecosys¬ 
tem  in  the  southern  Appalachians.  Previous  studies  have  disclosed  that  this 
lake  has  manifested  periodic  prolonged  low  water  levels  during  the  several 
thousand  years  of  its  existence.  The  most  recent  low  water  level  occurred 
during  the  drought  years  of  1999-2002.  Measurements  of  lake  level,  precipi¬ 
tation,  and  other  meteorological  data  including  calculated  evapotranspiration 
in  the  lake  basin  from  2/19/02  to  8/31/03  have  enabled  estimation  of  net 
subterranean  water  losses  presumably  through  cracks  between  Clinch  sand¬ 
stone  boulders  and/or  the  recently  discovered  deep  hole  at  the  northwest  end 
of  Mountain  Lake.  These  net  losses  reflect  the  balance  between  total  losses 
and  any  gains  from  springs  and  boulder  cracks  not  quantified  in  this  study. 
Scuba  divers  have  documented  the  existence  of  these  cracks  and  the  deep  hole. 
Subterranean  net  water  losses  of  about  0.04-0.05  m^/s  (634-792  gpm)  appar¬ 
ently  occur  year-round. 


INTRODUCTION 

Mountain  Lake,  Giles  County,  Virginia  (37°27’56"N,  80''3r39"W)  is  the  only 
natural  lake  in  the  unglaciated  highlands  of  the  southern  Appalachians.  This  oligotro¬ 
phic  montane  lake  located  at  1 181  m  (3875  ft)  elevation  occupies  a  watershed  only  7.4 
times  the  surface  area  of  the  full  lake  (1 88,000  m^).  In  a  review  of  the  literature,  Parker 
(2003)  showed  that  this  lake  has  manifested  numerous  fluctuations  in  water  level  from 
100-20%  full  since  its  discovery  and  first  description  by  Gist  in  175 1  (Johnston,  1 898). 
Past  intervals  of  lower  lake  levels  also  have  been  inferred  by  the  occurrence  of 
numerous  in  place  stumps  of  trees  that  colonized  and  grew  in  the  temporary  meadow 
surrounding  the  less  than  full  lake-e.g.,  a  white  pine  {Pinus  strobus){cdL.  1885-1904) 
and  a  southern  yellow  pine  {Pinus  sp.,  possibly  P.pungens){ca.  1645-65)  at  7m  and 
10m  below  full  pond  respectively  (Parker,  2003).  Marland  (1967)  and  Cawley  et  al. 
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FIGURE  1 .  Sketch  of  Mountain  Lake  showing  locations  of  Ordovician  Martinsburg  Shale  [Om],  Ordovician 
Juniata  Sandstone  [Oj],  Silurian  Clinch  Sandstone  [Sc],  Quaternary  Colluvium  [Qc]  which  forms  the  natural 
dam.  Springs  [SP],  Pond  Drain  [PD],  Newport  House  [N],  and  tlie  deep  crevice  and  hole  [  <-]. 


(2001b)  used  biological  indicators  from  sediment  cores  showing  that  prolonged  reduc¬ 
tions  of  Mountain  Lake  water  levels  also  occurred  before  1751  going  back  several 
thousand  years.  These  prolonged  low  water  intervals  in  the  lake  have  been  attributed 
to  large  volumes  of  water  lost  through  cracks  in  the  incompletely  sealed  natural  dam 
of  Clinch  sandstone  colluvium  at  the  northwestern  end  of  the  lake  (Figure  l)(Parker  et 
al.,  1975;  Parker,  2003).  Mountain  Lake’s  origin  by  formation  of  a  natural  dam  across 
a  mountain  stream  has  been  addressed  by  numerous  investigators  (Hutchinson  and 
Pickford,  1932;  Sharp,  1933;  Eckroade,  1962;  Marland,  1967;  Parker  et  al.,  1975;  and 
Parker,  2003).  Cawley  et  al.  (200 1  a)  further  proposed  that  in  addition  to  cracks  between 
colluvial  boulders  at  shallower  water  depths,  sediment  escape  or  entry  may  occur 
through  a  southeast- to-northwest  fracture  trace  or  fault  located  by  sonar  at  the  lake’s 
maximum  depth  (Figure  1).  This  crevice-like  feature  has  not  been  observed  to  fill  with 
sediment  since  its  first  discovery  by  Williams  (1930).  Parker  (2003)  elaborated  upon 
this  aspect  of  the  lake’s  hydrology,  suggesting  that  the  subterranean  water  loss  should 
occur  during  drought  and  cause  a  lowering  of  the  water  table,  whereas  net  gain  should 
occur  during  wet  (non-drought)  conditions  and  cause  a  rising  of  the  water  table. 

A  prolonged  drought  during  1999-2002  accompanied  the  total  cessation  of  surface 
outflow  in  Pond  Drain  (Figure  1)  and  a  gradual  drop  in  lake  level,  providing  an 
opportunity  to  collect  more  information  on  Mountain  Lake’s  hydrology.  The  purpose 
of  this  study  was  to  measure  lake  water  level  in  conjunction  with  precipitation  and 
estimates  of  evapotranspiration,  enabling  a  more  complete  hydrologic  model  for  the 
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lake.  We  also  conducted  several  SCUBA  reconnaissances  at  the  north  end  of  the  lake 
to  obtain  more  information  on  possible  holes  between  Clinch  sandstone  boulders  and 
to  examine  the  deep  crevice  feature. 

METHODS 

Documented  monitoring  of  the  lake  level  began  in  February  2002  with  resort 
employee  water  line  observations  on  the  large  (4m)  Clinch  boulders  at  the  north  end. 
Survey  leveling  undertaken  by  Jansons  in  May  2002  established  local  benchmarks  and 
tied  previous  data.  During  June- August  2002  employees  working  at  the  floating  boat 
dock  recorded  many  daily  readings  at  a  partially  submerged  level  rod.  Beginning  in 
September  2002  and  continuing  through  August  2003  when  the  lake  level  reached  the 
0.46  m  notch  below  the  top  of  the  dam  (1180.64  m,  3873.5  ft),  periodic  lake  level 
readings  were  recorded  by  Jansons  and  Parker  near  the  Newport  House  by  combination 
string-level  and  rod  method. 

A  digital  model  of  the  lake  bottom  was  developed  using  the  Autodesk  AutoCAD 
2002  software  package  and  the  sonar-generated  morphometric  map  of  the  lake  in 
Cawley  et  al.(2002),  from  which  lake  volumes  for  each  level  reading  were  derived. 
Daily  precipitation  data  was  obtained  for  the  period  January  2002  through  August  2003 
from  the  National  Weather  Service  Automated  Flood  Warning  System  (AFWS)  rain 
gauge  at  Mountain  Lake  Biological  Station  (MLBS).  Additional  weather  data  was 
obtained  from  the  MLBS  web  site  and  used  to  predict  evaporation  and  transpiration 
(ET).  Mean  monthly  temperature,  wind  speed,  relative  humidity,  and  photosyntheti- 
cally  available  radiation  (PAR)  for  the  study  period  was  utilized  with  the  Penman-Mon- 
teith  method  for  calculating  ET 

(http://www.ierm.ed.ac.uk/cw2h/lec8/pml0.htm,  W/m  =  0.22  x  pmol/s/m  ). 

The  hydrologic  model  used  was:  L  =  (P^^  x  A^^)-  AV^  -  ET 
=  whereL  =average  net  subterranean  water  loss  for  the  period 
=  Pj^^precipitation  for  the  period 
=  Aj^=basin  area  =1,398,748  m^  (346  acres) 

=  AVL=lake  volume  change  for  the  period 
=  ET  =calculated  basin  evapotranspiration  for  the  period 

RESULTS  AND  DISCUSSION 

Figure  2  summarizes  the  precipitation  and  lake  level  data  from  February  2002  to 
September  2003.  The  lake  reached  its  lowest  level  of  about  6.6  m  below  full  in 
November  2002,  at  which  time  the  drought  began  to  subside  with  the  onset  of  increased 
precipitation.  From  November  2002  to  September  2003,  Mountain  Lake  levels  con¬ 
tinuously  rose  to  reach  a  nearly  full  capacity.  Table  1  shows  the  monthly  hydrologic 
model  output  for  the  period  February  2002  to  August  2003,  during  which  no  surface 
outflow  occurred  in  Pond  Drain.  Time  lag  introduces  a  wide  variability  in  outflow 
when  the  model  is  configured  monthly  (0.003-0.106  m^/s).  Over  the  18-month  study 
period  the  model  indicates  an  average  subterranean  net  water  loss  of  0.043  m^/s  (676 
gpm). 

While  data  from  the  model  shows  that  water  continuously  leaves  Mountain  Lake 
via  subterranean  channels,  equal  or  greater  amounts  of  water  must  be  entering  during 
times  when  lake  levels  are  steady  or  rising.  Much  of  this  entering  water  not  indicated 
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FIGURE  2.  Mountain  Lake  precipitation  and  lake  water  level  from  February  2002  to  September  2003. 


TABLE  1.  Mountain  Lake  hydrologic  model,  data 


MONTH 

Calculated  Net 
Subterranean 
Outflow 

Um^) 

Basin 

Precipitation 

Pb(m’) 

Volume 

Change 

AVL(m^) 

Basin 

ET(m^) 

MAR  02 

141,864 

163,074 

-20,000 

41,210 

APR  02 

68,031 

170,535 

40,000 

62,504 

MAY  02 

9,372 

121,862 

50,000 

62,490 

JUN02 

149,456 

135,718 

-60,000 

46,262 

JUL  02 

243,948 

240,881 

-20,000 

16,934 

AUG  02 

31,122 

46,897 

-10,000 

25,775 

SEP  02 

259,456 

21  7,433 

-50,000 

7,976 

OCT  02 

283,013 

243,013 

-40,000 

0 

NOV  02 

179,131 

234,131 

55,000 

0 

DEC  02 

94,114 

169,114 

75,000 

0 

JAN  03 

8,756 

81,004 

70,000 

2,248 

FEB  03 

237,120 

277,120 

40,000 

0 

MAR  03 

24,580 

142,113 

100,000 

17,533 

APR  03 

84,266 

243,013 

80,000 

78,747 

MAY  03 

70,789 

282,449 

170,000 

41,660 

JUN  03 

84,995 

313,003 

170,000 

58,009 

JUL  03 

46,802 

265,396 

160,000 

58,594 

AUG  03 

6,919 

154,192 

120,000 

27,274 

TOTAL  2,023,735 

PERIOD  NET  OUTFLOW 

3,500,949 

=  3,686  m^/d 
=  0.043  m^/s 

=  676  gpm 

930,000 

547,215 
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FIGURE  3.  Hole  (0.76m  high,  0.46m  wide)  located  at  32m  depth  at  the  northwestern  end  of  the  deep  crevice 
in  Mountain  Lake  (Photograph  by  J.E.  Waller) 

in  the  model  probably  comes  from  springs.  Gist  in  1751  (Johnston,  1898)  reported  five 
springs  at  the  south  end  of  the  not  full  lake,  and  Cawley  et  al  (1999)  used  SCUBA 
divers  to  locate  these  springs  in  the  full  lake  at  the  Martinsburg  shale- Juniata  sandstone 
interface  (Figure  1).  Also,  during  a  SCUBA  reconnaissance  of  the  north  end  of  the  lake, 
turbidity  was  noted  at  ca.  22  m  below  full  pond  moving  from  southeast  to  northwest 
approximately  in  line  with  the  1-4  subterranean  input  stream  that  never  dried  up  during 
the  summer  droughts  of  1997  and  1998  (Cawley  et  al.,  1999,  2001a). 

SCUBA  reconnaissance  at  the  north  end  of  the  lake  visually  confirmed  the  probable 
existence  of  numerous  potential  cracks  between  Clinch  sandstone  boulders  through 
which  water  might  escape  or  enter.  A  dive  into  the  deep  crevice  or  fault,  located  earlier 
by  Cawley  et  al.  (2001a)  using  sonar,  revealed  both  the  sediment-free  nature  of  this 
crevice  and  at  the  deepest  (32  m  or  108  ft)  point  to  the  northwest  end  a  0.76  m  (2.5  ft) 
high  and  0.46  m  (1.5  ft)  wide  hole  (Figure  1,3).  During  that  brief  visit,  no  detectable 
currents  or  movement  of  suspended  sediments  toward  or  away  from  the  hole  were 
noted.  However,  Cawley  (pers.  comm. ,2003)  documented  the  occurrence  of  abundant 
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deep-water  Mountain  Lake  diatom  species  in  sediments  from  Pond  Drain  (the  only 
outflow  stream  for  the  lake)  ca.  1.0  km  to  the  northwest  at  40-45  m  lower  elevation 
than  the  lake  surface.  These  species  do  not  occur  in  the  shallower  depths  of  the  lake 
and  therefore  would  not  be  carried  by  Pond  Drain  surface  outflow.  This  observation 
suggested  that  subterranean  sediments  and  water  were  reaching  Pond  Drain  via  the 
deep  hole  and/or  cracks  between  Clinch  colluvial  boulders  (Parker  2003). 

CONCLUSIONS 

This  paper  represents  the  first  in  which  a  hydrologic  model  has  been  used  for 
Mountain  Lake.  The  results  obtained  using  this  model  support  previous  qualitative 
observations  and  assumptions  that  much  of  the  water  leaving  the  lake  does  so  below 
the  lake’s  surface.  The  results  also  show  that  subterranean  water  losses  occur  continu¬ 
ously  regardless  of  whether  the  lake  level  is  dropping  or  rising.  The  deep  hole  within 
the  crevice  feature  or  fault  has  not  been  previously  viewed. 
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ABSTRACT 

Spawning  behavior  in  Nocomis  effusus  is  described  from  direct  observations  and 
review  of  videotapes  made  in  Yellow  Creek  (Cumberland  River  drainage),  Tennessee 
in  2003.  Nest  construction  (i.e.,  excavating  a  concavity,  forming  a  platform,  and 
building  a  mound),  and  spawning  behavior  in  N.  effusus  where  a  single  breeding  male 
excavates  a  pit  and  spawns  with  females  on  the  upstream  slope  of  his  nest  is  like  that 
described  for  Nocomis  asper  and  Nocomis  biguttatus.  In  digging  a  spawning  pit,  a 
male  N  effusus  reshapes  and  reorganizes  substrate  materials  that  results  in  spawning 
areas  on  the  upstream  slope  of  the  nest  composed  of  6.0  and  1 1 .3  mm  size-class  pebbles. 
Aggressive  behaviors  (in  order  of  increasing  aggression)  observed  between  nest-build¬ 
ing  and  intruder  male  V.  effusus  were  non-contact  head  displacement,  non-contact  body 
displacement,  chase,  circle  swim,  and  head^ody  butt.  Nest  associates  (i.e.,  species  that 
congregate  and  may  spawn  in  a  nest  but  do  not  contribute  to  its  construction)  observed 
over  nests  of  N.  effusus  were  Luxilus  chrysocephalus  and  Lythrurus  fasciolaris. 

INTRODUCTION 

Nocomis  effusus,  present  in  the  Barren,  Cumberland,  Green,  and  Tennessee  rivers 
in  Kentucky  and  Tennessee  (Etnier  and  Starnes,  1993),  is  one  of  seven  species  of 
Nocomis  in  all  of  which  males  use  their  jaws  to  construct  gravel  nests  for  spawning  in 
spring  (Lachner  and  Jenkins,  1971).  The  only  investigation  of  breeding  activities  of 
N.  effusus  is  an  unpublished  masters  thesis  by  Henry  (1999),  who  studied  the  repro¬ 
ductive  ecology  of  the  species  in  Little  South  Fork  of  the  Cumberland  River  in 
Kentucky.  Spawning  behavior  has  been  published  for  populations  of  close  relatives, 
Nocomis  asper  by  Maurakis  and  Roston  (1998)  and  Nocomis  biguttatus,  by  Vives 
(1990)  and  Maurakis  et  al.  (1991).  This  paper  describes  spawning  nests  and  behaviors 
in  N.  effusus  and  compares  them  to  those  in  Henry  (1999),  and  to  those  of  the  other 
two  species  {N.  asper  and  N.  biguttatus)  in  the  Nocomis  biguttatus  species-group 
proposed  by  Lachner  and  Jenkins  (1971)  and  Maurakis  et  al.  (1991). 

MATERIALS  AND  METHODS 

Observations  and  videorecordings  of  fishes,  and  collections  of  nest  and  substrate 
data  at  nests  of  N.  effusus  were  made  at  three  localities  in  Yellow  Creek  (Cumberland 
drainage,  Dickson  Co.  TN)  on  14-15  June  2003:  EGM-TN-575  (36<^  12.434’N,  087^ 
3 1.714’W)  at  confluence  with  Cedar  Creek,  4.8  km  SE  of  Jet.  TN  46  and  TN  49  (two 
active  nests;  water  temp.=19.2  C);  EGM-TN-576  (36®  10.934’N,  087®  31.197’W), 
bridge  on  Maysville  Rd.,  75  m  from  TN  46,  ~7.2  km  SE  of  Jet.  TN  46  and  TN  49  (3 
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active  nests;  water  temp  =  1 9. 1  C);  and  EGM-TN-577  (36®  07.465  ’N,  087®  29.48 1  ’  W), 
bridge  on  Bishop  Slab  Rd.  off  TN  46,  ~  1 1 .2  km  NW  of  Dickson,  TN  (one  active  nest; 
water  temp.=18.9  C).  Nest  dimensions  and  composition  of  nests  (no.  of  nests)  of  N. 
biguttatus  were  made  by  Mark  H.  Sabaj  (MHJ)  at  the  following  localities:  Wisconsin: 
upper  Mississippi  River,  Portage  Co.,  MHS-WI-001  (1),  Tomorrow  River,  WI  St.  Rt. 
10  S  of  Amherst  at  Jet.  Co.  Rt.  A,  24  June  1989.  MHS-WI-003  (1),  Plover  River  at 
Jet.  Co.  Rts.  Y  and  K,  25  June  1989.  MHS-WI-004  (1),  Tomorrow  River,  0.4  km  off 
WI  St.  Rt.  10  near  Jet.  River  Rd.  26  June  1989.  MHS-WI-005  (1),  Tomorrow  River, 
0.4  km  off  WI  St.  Rt.  10  near  Jet.  with  River  Rd.,  26  August  1989.  MHS-WI-006  (2), 
Tomorrow  River,  St.  Rt.  10  bridge  just  S  of  Jet.  Co.  Rt.  A,  26  August  1989.  MHS-WI- 
007  (1),  Tomorrow  River,  wayside  off  WI  St.  Rt.  ION  of  bridge,  26  August  1989. 

Videorecordings  were  made  with  a  Canon  DM-XLIA  digital  camera/recorder, 
equipped  with  a  16x  zoom  lens.  Four  hours  of  activities  of  fishes  recorded  on  tape 
were  reviewed  at  normal  speed,  in  slow  motion,  and  frame-by-frame  to  identify  specific 
behaviors  of  female  and  male  N.  effusus  following  methods  in  Maurakis  and  Woolcott 
(1995).  Six  chronological  categories  reflecting  the  sequence  of  male-female  interac¬ 
tions  characteristic  of  a  successful  spawn,  following  Sabaj  (1992)  and  Maurakis  and 
Woolcott  (1993),  were  used  to  resolve  reproductive  activities  of  male  and  female  N. 
effusus:  interim  (behavior  of  male  between  spawns),  approach  (behavior  of  female 
directed  towards  interim  male),  alignment  (behavior  affecting  orientation  of  a  spawn¬ 
ing  pair  over  substrate),  run  (initiated  by  a  female,  synchronized  movement  of  aligned 
pair  over  substrate),  clasp  (spawning  act,  i.e.,  momentary  flexure  of  male’s  body  about 
that  of  female  at  end  of  her  run),  and  dissociation  (behaviors  of  male  and  female 
affecting  their  separation  immediately  following  the  clasp).  Behaviors  other  than  those 
associated  with  the  spawning  sequence  were  considered  disruptive  of  successful 
spawns. 

A  satellite  male  is  one  that  deceptively  mimics  females  and  pairs  simultaneously 
with  true  females  and  parental  males  (Gross,  1984).  Nest  associates  are  species  that 
congregate  and  may  spawn  over  a  nest  but  do  not  contribute  to  its  construction. 

Stream  width,  depth,  and  water  temperature;  nest  length,  width,  and  height;  and 
spawning  pit  diameter  and  depth  were  measured  at  each  nest.  Pebble  samples  were 
collected  from  upstream  and  downstream  portions  of  nests  with  a  1  liter  plastic  beaker. 
Substrate  samples,  collected  with  the  same  device,  were  taken  at  random  as  far  as  10 
m  from  nests.  Nest  and  substrate  samples,  stored  in  tagged  plastic  bags,  were  returned 
to  the  laboratory  where  each  sample  was  air-dried  and  sifted  through  five  custom-built 
wire  sieves.  Mesh  sizes,  restricted  to  commercially  available  prefabricated  screen 
sizes,  were  23.0  mm,  11.3  mm,  6.0  mm,  2.5  mm,  and  0.8  mm.  Material  that  sifted 
through  the  smallest  size  mesh  (<0.8)  was  collected  in  a  pan.  Weight  of  material  in 
each  sieve  or  pan  was  used  to  calculate  percentage  of  material  per  mesh  size.  Hereafter, 
all  references  to  percentage  of  mesh  size  classes  are  based  on  weights.  An  electivity 
index  (Ivlev,  1961)  was  calculated  for  each  pebble  size  class  per  nest.  The  equation 
E=(n-p)/(n+p)  where  E=pebble  size  selection,  n=percentage  of  a  particular  pebble  size 
in  the  nest,  and  p=the  percentage  of  a  particular  pebble  size  in  the  substrate  of  the 
stream)  was  used  to  determine  if  selection  of  pebble  size  from  the  substrate  was  random. 
The  electivity  index  was  also  used  to  determine  if  selection  of  pebble  size  in  spawning 
areas  was  random  relative  to  non-spawning  areas  of  nests.  Percentages  and  electivity 
values  were  transformed  to  arcsin  equivalents  prior  to  statistical  analyses.  ANOVA 
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TABLE  1 .  Mean  (standard  deviation;  minimum-maximum)  stream  and  active  nest  characteristics  in  Nocomis 
effusus  collected  from  Yellow  Creek,  Dickson  Co.,  TN,  14-15  June  2003;  and  N.  biguttatus  collected  from 
Tomorrow  and  Plover  rivers.  Portage  Co.,  WI,  24-26  June  1989  by  Sabaj  (see  Materials  and  Methods). 

N.  effusus  N.  biguttatus 

Stream 


Spawning  temp.  (C) 

19.1 

(18.9-19.2) 

21 

(19-23) 

Depth  (cm) 

70 

(40-100) 

39.8 

(32.5-47) 

Width  (cm) 

10.8 

(3.5-18) 

24.5 

(9-40) 

Nest 

Width  (cm) 

78.80 

(51-118) 

68 

(54-82) 

Length  (cm) 

88.40 

(72-116) 

64.5 

(59-70) 

Height  (cm) 

18.00 

(14-24) 

12.5 

(12-13) 

Pit  diameter  (cm) 

5.00 

(3.5-6.5) 

10.00 

(10) 

Pit  depth  (cm) 

3.24 

(2.5-4) 

4.00 

(4) 

and  Duncan’s  Multiple  range  test  (SAS,  2002)  were  used  to  compare  average  values 
of  stream  depth,  substrate  composition,  nest  composition,  electivity  of  pebble  sizes  in 
each  species,  and  spawning  versus  non-spawning  substrates  in  nests  of  N.  effusus. 

RESULTS 

Nest  building  and  spawning  behaviors  in  N.  effusus  were  observed  at  water 
temperatures  ranging  from  18.9-19.2  C  in  June,  2003.  Water  depth  and  stream  width 
at  nests  averaged  0.7  (range=0.4-1.0  m)  and  10.8  m  (range=3.5-18.0  m),  respectively 
(Table  1). 

Nest  Construction 

A  nest  was  constructed  and  guarded  by  a  single  male.  Nest  construction  began 
when  a  male  excavated  with  his  jaws  a  concavity  (-0.3  m  in  diameter)  in  the  stream 
bed  where  he  frequently  aligned  himself  (head  upstream).  Excavated  stones  were 
moved  to  lateral  margins  of  the  concavity  parallel  to  the  water  current.  Then  the  male 
transported  stones  from  lateral  margins  of  the  concavity  and  nearby  stream  substrates 
to  cover  the  concavity.  This  resulted  in  a  relatively  flat  platform  of  stones,  elevated 
about  5  cm  above  the  stream  substrate,  with  a  central  flow-through  trough.  The 
upstream  portion  of  the  platform  had  fewer  pebbles  than  posterior  and  lateral  margins, 
thus  resulting  in  a  upstream  tilt.  A  male  periodically  fanned  the  central  flow-through 
trough  with  his  anal  fm.  After  forming  the  platform,  a  male  collected  pebbles  as  far  as 
1 5  m  from  the  nest,  and  placed  them  onto  the  platform,  eventually  to  form  a  conical 
mound  nest.  During  the  early  stage  of  mound-building,  the  developing  mound  some¬ 
times  appeared  somewhat  as  a  donut  as  fewer  stones  were  deposited  in  the  center  and 
upstream  portion  of  the  nest.  When  the  mound  was  about  halfway  completed,  the  male 
deposited  stones  at  the  central  apex  of  the  nest  more  frequently,  and  then  moved  to  the 
center  of  the  upstream  slope  of  the  nest  where  he  momentarily  stopped  before 
swimming  away  to  collect  other  stones  from  the  streambed.  During  the  end  of  mound 
building,  the  male  began  to  fan  the  center  of  the  upstream  slope  of  the  nest  with  his 
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TABLE  2.  Average  percentages  of  nest  material  and  substrate  material  around  spawning  nests  of  Nocomis 
effusus  and  Nocomis  biguttatus.  Underscored  means  do  not  differ  significantly. 


N.  effusus 

0.8 

Nest  material  size  class  (mm) 

<0.8  2.5  6.0  11.3 

23.0 

Mean% 

0.1 

0.1 

0.2 

3.8 

41.9 

53.9 

F=66.67 

p<0.0001 

df=5 

N.  biguttatus 

0.8 

<0.8 

23.0 

2.5 

6.0 

11.3 

Mean% 

0.2 

0.7 

1.0 

1.7 

38.0 

58.4 

F=92.9 

P<0.0001 

df=5 

N.  effusus 

Substrate  material  size  class  (mm) 

<0.8 

0.8 

2.5 

6.0 

11.3 

23.0 

Mean% 

0.1 

0.1 

3.55 

11.4 

13.4 

71.6 

F-672.64 

p<0.0001 

df=5 

N.  biguttatus 

0.8 

2.5 

<0.8 

6.0 

11.3 

23.0 

Mean% 

1.2 

2.9 

3.9 

10.6 

23.9 

57.5 

F=22  .8 

p<0.0001 

df=5 


anal  fin.  Concentrating  on  this  area,  he  began  to  reshape  the  upstream  portion  of  the 
nest  where  he  dug  a  pit,  spending  more  time  digging  and  fanning  the  pit,  and  moving 
larger  stones  away  from  the  pit  area.  After  spawning  in  a  pit,  a  male  covered  it  with 
gravel  collected  from  the  upstream  slope  of  the  nest,  or  occasionally  from  surrounding 
stream  substrates,  before  excavating  another  spawning  pit  on  the  upstream  portion  of 
the  nest. 

In  N.  effusus,  nest  width,  length,  and  height  averaged  78.8,  88.4,  and  18  cm, 
respectively;  spawning  pit  depth  and  diameter  averaged  3.2  and  5.0  cm,  respectively 
(Table  1).  In  A.  biguttatus,  nest  width,  length,  and  height  averaged  68,  64.5,  and  12.5 
cm,  respectively;  spawning  pit  depth  and  diameter  averaged  4.0  and  10.0  cm,  respec¬ 
tively  (Table  1).  Stream  substrates  where  nests  were  constructed  by  each  species  were 
dominated  by  the  23  mm  stone  size  class  (Table  2). 

In  nests  of  N.  effusus,  average  percent  (41.9-53.9)  of  the  23.0  and  1 1.3  mm  size 
class  pebbles  was  significantly  higher  than  those  of  other  size  classes  (Table  3).  In  N. 
biguttatus,  average  percent  (38-58.4)  of  the  1 1.3  and  6.0  mm  size  class  pebbles  were 
significantly  higher  than  those  of  other  size  classes  (Table  2).  Average  electivity  value 
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TABLE  3.  Average  electivity  value  per  size  class  in  spawning  nests  of  Nocomis  effusus  and  Nocomis 
biguttatus.  Underscored  means  do  not  differ  significantly. 


Nocomis  effusus  Electivity  per  pebble  size  class  (mm) 


2.5 

6.0 

23.0 

<0.8 

0.8 

11.3 

Mean%  0.90 

F=40.80 

P<0.0001 

df=5 

-0.54 

-0.15 

-0.07 

-0.07 

0.50 

Nocomis  biguttalus 

23.0 

0.8 

2.5 

11.3 

6.0 

Mean%  -0.88 

-0.55 

-0.52 

-0.03 

0.38 

0.46 

F-8.6 

P<0.0001 

df-5 


TABLE  4.  Average  percentages  of  spawning  and  non-spawning  nest  material  in  spawning  nests  oi  Nocomis 
effusus.  Underscored  means  do  not  differ  significantly. 


Spawning  substrate  size  class  (mm) 

0.8  2.5  6.0  23.0  11.3 

Mean%  0.12  0.14  0.42  9.90  16.50  72.70 

F=41  .60 
P<0.0001 
df=5 

Non-spawning  substrate  size  class  (mm) 

<0.8  0.8  2.5  6.0  11.3  23.0 

Mean%  0.10  0.10  0.10  0.62  24.60  74.50 

F-54.0 

P<0.0001 

df=5 


(0.50)  for  the  1 1.3  mm  size  class  in  nests  of  N.  effusus  was  significantly  greater  than 
for  other  size  classes  (Table  3).  In  nests  of  N.  biguttatus,  average  electivity  values 
(0.38-0.46)  for  the  6.0  and  1 1 .3  mm  size  class  were  significantly  greater  than  for  other 
size  classes  (Table  3). 

Average  percent  (72.7)  of  the  1 1.3  mm  size  class  of  stones  in  spawning  areas  of 
nests  of  A.  effusus  was  significantly  greater  than  those  (0.12-16.5)  of  other  size  classes 
(Table  4).  At  non-spawning  substrates  in  nests  of  N.  effusus,  average  percents  (24.6- 
74.5)  of  the  1 1.3  and  23.0  mm  size  class  stones  were  significantly  greater  than  those 
(0. 1-0.6)  of  other  size  classes  (Table  4).  Average  electivity  values  (0.51-0.76)  for  the 
1 1 .3  and  6.0  mm  size  classes  of  stones  in  spawning  areas  of  nests  of  N.  effusus  were 
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TABLE  5.  Average  electivity  value  per  size  class  of  stones  in  spawning  substrates  in  nests  of  Nocomis 
etjitsus.  Underscored  means  do  not  differ  significantly. 

Spawning  substrate  class  size  (mm) 

23.0  <0.8  0.8  2.5  11.3  6.0 

Mean%  -0.68  0.13  0.13  0.34  0.51  0.76 

F=1  8.78 
P<0.0001 
df=5 


significantly  greater  than  those  (-0.68-0.38)  of  the  23.0,  0.8,  and  <0.8  mm  size  class 
stones  (Table  5). 

Aggressive  behaviors  (in  order  of  increasing  aggression)  observed  between  nest¬ 
building  and  intruder  males  were  non-contact  head  displacement,  non-contact  body 
displacement,  chase,  circle  swim,  and  head/body  butt.  No  satellite  male  N.  effusus  were 
observed  over  nests. 

Nest  associate  species  of  N.  effusus  were  Luxilus  chrysocephalus  and  Lythrurus 
fasciolaris.  On  two  occasions,  a  male  L  chrysocephalus  periodically  moved  into  and 
out  of  the  central  flow-through  trough  during  platform  construction  by  a  male  N. 
effusus.  Lythrurus  fasciolaris  periodically  maintained  a  position  over  the  upstream 
slope  of  a  nest  regardless  of  the  presence  of  the  nest-building  male  N.  effusus.  Nest 
associates  did  not  congregate  over  the  nest  until  after  a  nest-building  male  N.  effusus 
increased  the  frequency  of  fanning  the  upstream  slope  of  the  nest  and  later  the  spawning 
pit  with  his  anal  fin. 

Spawning  analysis: 

Interim:  An  interim  male  N.  effusus  engaged  in  typical  Nocomis  nest-building  (i.e., 
excavating  a  concavity,  forming  a  platform,  and  constructing  a  mound);  and  pit 
digging,  pit  fanning,  and  pit  posturing  interim  behaviors  like  those  described  for 
breeding  male  N.  asper  and  N.  biguttatus  by  Maurakis  and  Roston  ( 1 998)  and  Maurakis 
et  al.  (1991),  and  those  in  N.  leptocephalus  (Sabaj,  1992). 

Approach:  Female  N.  effusus,  hovering  over  the  rear  or  lateral  margins  of  a  nest, 
approached  the  spawning  pit  singly  from  downstream  regardless  of  the  presence  of  the 
nest-building  male.  A  successful  approach  occurred  when  a  female  moved  into  a 
spawning  pit  and  beneath  the  postured  male.  Frequently,  a  female  immediately 
returned  to  the  pit  after  dissociation. 

Alignment:  After  the  approach,  a  female  aligned  parallel  to  the  water  current, 
pressed  her  belly  to  the  substrate  of  the  pit,  and  either  immediately  began  her  run,  or 
momentarily  remained  in  this  position.  In  response,  the  male  tilted  his  body  toward 
the  female. 

Run:  The  run  (about  2-3  cm),  initiated  by  a  female,  began  when  she  quivered  her 
tail  and  moved  slightly  upstream.  The  male  responded  with  rapid  tail  beats  and  moved 
forward  with  the  female.  With  her  body  pressed  to  the  spawning  pit,  the  female  moved 
forward  to  the  upstream  slope  of  the  pit,  gaped,  and  retroflexed  (i.e.,  the  immediate 
pitching  of  her  head  vertically  while  rolling  the  anterior  portion  of  her  body  away  from 
the  male,  movements  that  put  her  dorsum  in  contact  with  the  male’s  anterior  flank). 
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Females  often  made  a  run  with  retroflexure  in  the  pit  when  a  breeding  male  N.  effusus 
was  not  present. 

Clasp:  As  in  N.  asper  and  N.  biguttatus,  a  male  N.  effusus  initiated  his  clasp  as  his 
mate  retroflexed.  He  turned  his  head  toward  the  female,  curved  his  posterior  flank  over 
her  back  and  drove  it  into  her  side  between  her  pectoral  and  pelvic  girdles.  As  the 
male’s  body  (from  head  to  caudal  fm)  contracted  into  a  semicircle  during  the  clasp 
(lasting  up  to  one  second),  his  urogenital  pore  was  pressed  to  the  dorsolateral  surface 
of  the  female’s  caudal  peduncle,  as  her  urogenital  pore  remained  in  contact  with  the 
substrate  on  the  upstream  rim  of  the  pit. 

Dissociation:  When  the  male’s  body  relaxed  after  contraction,  the  spawning  pah- 
dissociated.  The  male  usually  drifted  downstream  and  resumed  interim  behavior  while 
the  female  continued  to  rise  vertically  into  the  water  column,  then  regained  horizontal 
equilibrium,  and  either  moved  to  the  downstream  portion  of  the  nest  or  drifted  just 
downstream  of  the  male  and  initiated  another  approach. 

DISCUSSION 

Nocomis  effusus  was  observed  spawning  at  water  temperatures  ranging  from 
18.9-19.2  C  in  June,  comparable  to  water  temperatures  (19-21  C)  at  peak  spawning 
between  the  last  week  of  May  through  the  second  week  of  June  reported  by  Henry 
( 1 999)  for  the  species  in  Kentucky.  Nest-building  and  spawning  in  N.  effusus  probably 
occurs  over  several  weeks  in  Tennessee,  much  like  that  reported  for  the  species  by 
Henry  (1999)  and  for  a  closely  related  species,  N.  biguttatus,  which  spawns  (water 
temperature  range=16-26  C)  from  May  through  early  July,  but  predominately  during 
a  three-four  week  period  from  mid-May  to  mid- June  (Vives,  1990).  Sabaj  (pers. 
comm.)  observed  spawning  in  A.  biguttatus  between  19-23  C  in  Wisconsin  in  late  June, 
1989. 

Our  average  nest  width  (78.8  cm),  length  (88.4  cm),  and  height  (18  cm)  for  N. 
effusus  compare  well  to  those  (71,  81,  and  13.5  cm,  respectively)  reported  by  Henry 
(1999)  for  the  species,  and  to  those  (68,  64.5  and  12.5  cm,  respectively)  of  nests  of  N. 
biguttatus  (Table  1).  Henry  (1999),  who  used  the  substrate  particle  diameter  classifi¬ 
cation  system  in  Cowardin  et  al.  (1979)  did  not  present  percent  composition  of  various 
size  classes  of  stones  in  nests  or  substrates  around  nests  of  N.  effusus  in  his  study.  He 
reported  stone  sizes  in  nests  of  A  effusus  ranging  from  26.4-41.8  mm,  retained  by  our 
23.0  mm  size  class,  and  18.9-21.1  mm,  held  by  our  1 1.3  mm  size  class.  Our  custom- 
made  sieves  (i.e.,  sizes=23.0,  1 1.3,  6.0, 2.5, 0.8,  and  <0.8  mm)  and  use  of  an  electivity 
index  present  a  more  precise  account  of  composition  of  substrate  materials  in  nests, 
particularly  in  identifying  the  particular  size  classes  (11.3  and  6.0  mm)  where  spawning 
occurred  in  pits  on  the  upstream  slope  of  nests  of  A  effusus  as  well  as  those  in  A 
biguttatus  (Tables  2-3).  Maurakis  and  Zorman  (2001)  stated  there  was  a  preference 
for  6.0  and  1 1.3  mm  size  class  pebbles  and  significant  selections  against  larger  (23.0 
mm)  and  smaller  (2.5,  0.8,  and  <0.8  mm)  size  classes  of  pebbles  in  spawning  areas  in 
nests  of  Nocomis  micropogon,  Nocomis  platyrhynchus,  Nocomis  raneyi,  and  Nocomis 
leptocephalus.  We  concur  with  Maurakis  and  Zorman  (2001)  that  in  reshaping  and 
reorganizing  the  spawning  substrate,  a  male  Nocomis  removes  obstructions  (e.g.  stones 
>11.3  mm  size  class)  that  may  interfere  with  the  sequence  of  spawning  behaviors. 
Secondly,  size  uniformity  (>6.0,  >11.3  mm)  of  pebbles  and  resultant  interstices  in 
spawning  substrates  of  Nocomis  nests  afford  conditions  that  prevent  crushing  and 
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smothering  of  buried  eggs  and  post-hatch  larvae  (Maurakis  and  Zorman,  2001).  Egg 
diameter  inN.  effusus  averaged  2.89  mm  (range=2.38-3.44)(Henry,  1999),  comparable 
to  those  (2.0-2. 8  mm)  reported  by  Maurakis  and  Zorman  (2001)  for  A^.  micropogon,  N. 
platyrhynchus,  N.  raneyi,  and  N.  leptocephalus^  who  related  spawning  substrate 
material  size  (i.e.,  6-1 1.3  mm)  to  egg  diameter. 

The  sequence  of  male-female  interactions  characteristic  of  a  successful  spawn  in 
N.  ejfusus  is  like  that  described  for  the  species  by  Henry  (1999);  for  N.  asper  by 
Maurakis  and  Roston  (1998);  and  for  N.  biguttatus  by  Vives  (1990)  and  Maurakis  et 
al.  (1991).  There  are  no  apparent  differences  in  male  breeding  behaviors  (excavating 
a  concavity,  forming  a  platform,  and  constructing  a  mound;  pit  digging,  pit  fanning, 
and  pit  posturing)  among  N.  effusus,  N.  asper  (Maurakis  and  Roston,  1998),  N. 
biguttatus  (yiwQS,  1990;  Maurakis  etal.,  1991),  andTV.  leptocephalus  1992  and 

Sabaj  et  al.  2000).  However,  the  behavior  of  a  single  male  constructing  and  defending 
one  nest  in  each  of  N.  effusus,  N.  asper  and  N.  biguttatus  is  like  that  in  N.  micropogon, 
N.  platyrhynchus,  and  N.  raneyi  (Maurakis  et  al.,  1991;  Maurakis,  1999;  Sabaj  et  al., 
2000)  but  unlike  that  in  N.  leptocephalus  where  several  males  may  excavate  their  own 
spawning  pits  alongside  that  of  the  nest-building  male,  after  sequentially  establishing 
territories  on  the  upstream  slope  of  the  nest  (Maurakis  et  al.,  1990;  Maurakis  et  al., 
1997;  Sabaj  et  al.,  2000). 
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ABSTRACT 

A  modem  Flora  of  Virginia  will  soon  be  published,  providing  an  occasion  to 
remember  the  publication  of  the  first  Flora  Virginica  in  the  1 8th  century  and 
to  establish  the  proper  attribution  of  its  authorship.  Based  on  a  manuscript  by 
John  Clayton,  Flora  Virginica  was  published  in  two  parts  in  1739  and  1743 
by  the  Dutchman  Johan  Frederick  Gronovius.  Although  both  names  are 
printed  on  the  title  page,  the  book  is  often  cited  with  Gronovius  listed  as  the 
author.  This  tradition,  interpreted  in  modem  understandings  of  plagiarism, 
has  led  to  an  assertion  that  Gronovius  misrepresented  Clayton’s  work  as  his 
own.  This  paper  will  review  the  cultural  milieu  and  historical  context  of  the 
publication.  The  discovery  of  an  1 8th  century  watercolor  drawing  with  an 
inscription  assigning  Flora  Virginica  to  Clayton  and  evidence  from  a  letter 
shows  that  contemporaries  regarded  the  book  either  as  Clayton’s  or  as  a  joint 
enterprise.  It  is  suggested  that  Gronovius  be  understood  as  an  advocate 
willing  to  publish  Clayton’ s  work  in  what  he  considered  to  be  the  most  modem 
Linnaean  taxonomic  system  when  self-publication  was  all  but  impossible  for 
Clayton.  The  book  should  be  referenced  as  by  Clayton  and  Gronovius. 

INTRODUCTION 

With  the  publication  of  a  modem  Flora  of  Virginia  describing  and  illustrating  more 
than  3700  vascular  plant  taxa  in  V irginia  now  on  its  way  to  realization  (Flora  of  V irginia 
Project,  Inc.  2003),  the  time  is  appropriate  to  revisit  the  question  of  the  authorship  of 
the  first  flora  of  Virginia.  In  this  paper,  literature  will  be  reviewed,  historical  context 
established  and  new  evidence  introduced  to  suggest  that,  although  Johan  Frederick 
Gronovius  was  usually  cited  as  the  author  of  Flora  Virginica  (Clayton  and  Gronovius 
1739,  1742)  from  the  late  18th  century  up  to  the  20th,  John  Clayton  (1694-1773)  and 
Gronovius  should  correctly  be  called  co-authors. 

THE  AUTHORS  OF  FLORA  VIRGINICA 

Original  editions  of  the  Flora  Virginica,  printed  in  two  Parts  and  then  bound 
together,  have  two  title  pages.  Part  One  reads  as  follows  (/  indicates  line  separations): 

FLORA  VIRGINICA/  Exhibens/  PLANTAS/  Quas/  V.C./  JOHANNES  CLAY¬ 
TON/  In/  VIRGINIA  Observavit  atque  collegit.//  Easdem/  Methodo  Sexuali  disposuit, 
ad  Genera  propria/  retulit.  Nominibus  specificis  insignivit,  &/  minus  cognitas  descrip- 
sis/  JOH.  FRED.  GRONOVIUS.  /  PARS  PRIMA./  LUGDUNI  BATAVORUM,  / 
Apud  CORNELIUM  HAAK,  1739. 

The  title  page  of  Part  Two,  paginated  in  sequence  to  Part  One,  differs  only  from 
the  1739  title  page  by  replacing  Prima  with  Secunda  and  changing  the  date  to  1743. 
Clayton’s  name  is  placed  above  that  of  Gronovius  and  their  roles  are  described. 
Clayton  is  the  observer  and  collector  of  the  plants  and  Gronovius  is  he  who  "classified 
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the  same  by  sexual  method,  put  them  in  their  own  genus,  signified  them  with  specific 
names,  and  described  those  that  were  less  known." 

Berkeley  and  Berkeley  (1963)  made  a  balanced  assessment  of  the  circumstances 
surrounding  the  publication  of  Part  One  in  their  indispensable  biography  of  Clayton 
based  on  extensive  archival  research  and  supported  by  meticulous  annotation  and  an 
extensive  bibliography.  All  writers  after  1963  who  discuss  Clayton  depend  on  the 
reliability  and  thoroughness  of  their  pioneering  work.  The  book  provides  a  rich 
description  of  17th  and  18th  century  botanical  pursuits  with  special  emphasis  on 
Clayton’s  participation  in  the  affairs  of  the  botanical  community  in  Europe  and 
America. 

Berkeley  and  Berkeley  (1963;  p5  8, 63-66),  based  on  information  in  the  Introduction 
to  Flora  Virginica  written  by  Gronovius  (Clayton  and  Gronovius,  1739),  note  that 
"Clayton  began  sending  to  Gronovius  large  numbers  of  dried  plant  specimens  for 
identification  as  early  as  1735,  if  not  earlier"  and  that  before  1739,  Gronovius  received 
Clayton’s  (no  longer  extant)  manuscript  titled  "Catalogue  of  Plants,  Fruits  and  Trees 
Native  to  Virginia"  forwarded  to  him  probably  by  Mark  Catesby.  To  this  writer’s 
knowledge  their  account  has  not  been  challenged.  Gronovius  published  the  revised 
manuscript  under  the  title  of  Flora  Virginica.  The  title  page  makes  it  clear  that 
Gronovius  reorganized  the  manuscript  according  to  the  new  classification  system 
(Steam  2001;  p247),  the  "sexual  system"  of  Carolus  Linnaeus,  the  Swedish  physician 
and  naturalist. 

Berkeley  and  Berkeley  (1963;  p65)  point  out  that  Clayton’s  contribution  to  Flora 
Virginia  was  often  ignored  by  later  writers;  they  recognize  that  Gronovius 

"does  give  a  full  explanation  and  full  credit  to  Clayton’s  "Catalogue"  in  the 
Introduction.  It  is  not  his  fault  that  many  later  writers  tended  to  ignore  the 
latter  (perhaps  because  it  was  written  in  Latin)  and  to  give  much  credit  to 
Gronovius  and  little  to  Clayton  for  this  work." 

Further,  although  Gronovius  did  not  specifically  ask  Clayton’s  permission  to  publish 
his  information  they  conclude  that  it  is  "probably  unjust  to  question  the  motives  of 
Gronovius  because  of  his  full  explanation  of  the  circumstances"  (Berkeley  and 
Berkeley,  1963;  p65).  Berkeley  and  Berkeley  (1963;  pi 26)  call  Clayton  a  "co-author" 
of  Flora  Virginica,  a  judgment  this  researcher  accepts. 

Although  the  title  page  is  specific  and  Berkeley  and  Berkeley  call  Clayton  a 
"co-author,"  some  library  catalogs  still  name  Gronovius  as  the  author  (e.g.  Library  of 
Congress  Online  Catalog  2004).  Some  current  bibliographies  also  still  cite  the  name 
of  Gronovius  alone  (John  Clayton  Herbarium  Database,  2003).  Citation  in  scholarly 
books  can  be  variable.  In  a  recent  collection  of  essays  (Meyers  and  Pritchard,  1998) 
by  historians  of  1 8th  century  natural  science,  three  different  ways  of  attributing  the 
authorship  of  Flora  Virginica  are  given:  to  Clayton  alone  (O’Malley,  1 998;  pi  57;  Laird 
1998;  p216),  to  Gronovius  alone  (Brigham,  1998;  p  12 1,1 35),  and  to  both  Clayton  and 
Gronovius  (Chaplin,  1998;  p46). 

The  tradition  of  giving  authorship  to  Gronovius  noted  by  Berkeley  and  Berkeley 
(1963;  p64,  65)  and  corroborated  by  present  practices  may  have  led  to  the  perception 
that  when  the  book  was  first  published  Gronovius  alone  was  represented  as  the  author 
(Reveal  and  Pringle,  1 993 ;  p  1 6 1  - 1 62).  Reveal  ( 1 992;  p42)  wrote  that  "Gronovius,  with 
Linnaeus’s  aid,  completely  rewrote  [the  manuscript]  following  the  new  Linnaean 
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method,"  and  he  called  Gronovius’s  action  in  publishing  the  reorganized  manuscript 
without  permission  a  "plagiarism." 

HISTORICAL  CONTEXT 

Placing  the  differences  in  opinion  about  the  attribution  of  authorship  of  Flora 
Virginica  in  an  historical  context  can  highlight  the  cultural  climate  of  the  burgeoning 
interest  in  botany  as  well  as  publishing  practices  in  the  1 8th  century  that  differ  from 
those  of  the  21st  century.  Attention  to  such  differences  shows  why  the  use  of  the  term 
plagiarism  is  inappropriate. 

Flora  Virginica  came  into  existence  in  the  first  half  of  the  18th  century  when 
collection,  identification  and  classification  of  plants  from  the  New  World  for  commer¬ 
cial,  medicinal,  horticultural  and  national  benefits  were  flourishing  occupations  of  the 
leisure  and  educated  classes  (Berkeley  and  Berkeley,  1963;  Steams,  1970;  Ewan  and 
Ewan,  1970;  Kiastner,  1978;  Meyers  and  Pritchard,  1998).  The  polite  society  without 
national  boundaries  to  which  participating  natural  philosophers  belonged  has  been 
named  the  "Republic  of  Letters"  (Daston,  1991;  Gascoigne,  1998).  The  currency  of 
exchange  was  honor,  prestige  and  fame. 

Communication  was  slow,  difficult  and  expensive  and  it  took  place  through  a 
wide-ranging  network  of  letter- writing,  gifts  of  books  and  plant  and  seed  exchanges 
(Swem,  1957;  Berkeley  and  Berkeley,  1963;  Kastner,  1978;  Henrey,  1986).  The 
intervention  of  intermediaries  was  important  and  losses  of  letters  and  botanical  ship¬ 
ments  at  sea  through  wrecks,  piracy  and  neglect  of  plants  were  high  (Berkeley  and 
Berkeley,  1963;  p79,  130).  This  is  the  milieu  in  which  the  Clayton  and  Gronovius 
connection  must  be  placed.  For  Gronovius  to  have  asked  for  and  received  permission 
to  publish  the  manuscript  could  have  taken  years  and  was  fraught  with  possibilities  of 
failure  of  communication. 

With  regard  to  the  reference  to  plagiary,  attention  to  recent  studies  of  publication 
practices  and  authorship  rights  in  the  18th  century  are  helpful  (Rose,  1994;  Woodman- 
see  and  Jaszi,  1994).  Rose  (1994;  p213,  214)  notes  that  prior  to  1710  authors  could 
not  be  said  to  "own"  their  works  although  there  was  the  obligation  to  identify  authors 
on  the  title  page,  an  obligation  Gronovius  honored.  In  a  traditional  patronage  society 
"gentlemanly  honor  was  the  cmcial  value"  as  the  notion  of  legal  rights  rose  only  in  the 
1760s  (Rose,  1994;  p2 14-2 16).  Authors’  rights  were  not  defined  in  English  statute 
until  1814,  when  copyright  law  codified  long-standing  practices  (Feather,  1994;  pl91). 

Nonetheless,  although  legal  rights  were  not  defined,  concern  about  accurate  attri¬ 
bution  was  alive.  An  example  is  found  in  one  of  the  letters  that  the  English  botanist, 
John  Ray,  author  of  Historia  Plantamm  (Ray,  1686-1704)  sent  to  a  friend.  Ray 
counseled  a  fellow  botanist  to  publish  his  work  so  as  to  "lose  no  part  of  the  honour  due 
to  you  for  any  of  your  observations  and  discoveries"  (Lankester,  1848;  p417).  Ray’s 
comment  emphasizes  the  accepted  idea  that  an  author  had  a  moral  right  to  the  products 
of  his  or  her  pen,  but  also  makes  clear  that  honor  and  not  financial  return  was  the  reward. 
In  two  of  Ray’s  volumes  (Ray,  1688,  II;  Ray,  1704,  III)  are  published  the  manuscripts 
of  John  Banister,  a  British-bom  natural  philosopher  who  worked  in  Virginia.  Banis¬ 
ter’s  importance  was  forgotten  until  Ewan  and  Ewan  (1970;  p  14 1-265)  did  then- 
pioneering  biographical  and  bibliographical  study  of  Banister’s  plant  manuscripts  and 
drawings.  Ewan  and  Ewan  (1970;  pl43-144,  150,  153)  show  that  Banister’s  manu¬ 
scripts  were  used  by  his  contemporaries,  like  Leonard  Plukenet,  sometimes  without 
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acknowledgment.  Ewan  and  Ewan  (1970;  pi 44,  164)  demonstrate  how  important 
Banister’s  materials  were  to  Linnaeus  and  Gronovius  in  identifying  Clayton’s  Virginia 
specimens,  even  though  Linnaeus  often  did  not  properly  acknowledge  Banister.  Thus, 
when  Gronovius  claimed  in  his  Introduction  to  Flora  Virginica  (Clayton  and 
Gronovius,  1739)  that  he  decided  to  publish  Clayton’s  manuscript  catalog  "lest, 
somehow  by  a  like  hatred  of  fate  it  be  destroyed,"  he  alluded  to  an  historical  truth. 

On  the  other  side  of  the  coin,  the  English  naturalist,  Mark  Catesby,  published  his 
own  work.  On  his  return  to  England,  he  etched  plates  based  on  his  drawings  and 
watercolors  of  American  plants,  animals  and  fish,  printed  the  pages,  hand  colored  the 
prints  and  published  by  subscription  his  Natural  History  of  Carolina,  Florida  and  the 
Bahama  Islands  (1729-47)  (Brigham,  1998;  McBumey,  1997).  Catesby  thus  estab¬ 
lished  the  authorship  of  his  own  work  and  received  both  its  monetary  and  honorific 
rewards. 

Clayton,  living  in  colonial  America,  could  not  publish  his  own  manuscript.  Holland 
was  one  European  country  with  the  technical  and  literary  competency  to  publish 
scientific  treatises  in  the  international  language  Latin.  Through  intervention  of  the 
older  Catesby  who  probably  met  Clayton  in  Virginia,  Clayton’s  botanical  collections 
were  brought  to  the  attention  of  Gronovius  in  the  mid-1730s  (Berkeley,  1963;  p53,  54, 
58).  Gronovius  had  frequent  visitors  in  Leiden  who  shared  his  interest  in  botany.  In 
1735,  when  Linnaeus  came  to  Leiden  seeking  his  medical  degree  and  bringing  his 
botanical  manuscripts  with  him  to  be  published,  Gronovius  and  Dr.  Isaac  Lawson 
helped  him  by  printing  and  circulating  them  (Tume,r  1835;  Blunt,  2001;  p98). 
Gronovius  was  the  intermediary  who  proposed  to  the  wealthy  Anglo-Dutch  George 
Clifford  that  Linnaeus  become  his  physician  and  garden  superintendent  (Turner  1835; 
Blunt,  2001;  plOl).  Linnaeus  classified  the  worldwide  plant  collection,  including 
some  of  Clayton’s  plants  given  to  Clifford  by  Gronovius,  in  Clifford’s  famous  garden. 
The  book,  Hortus  Cliffortianus,  1737,  with  Linnaeus’s  classifications  and  Georg 
Dionysius  Ehret’s  botanical  illustrations,  utilized  Linnaeus’s  ideas  on  taxonomy 
(Berkeley  and  Berkeley,  1963;  p52).  Linnaeus’s  role  in  the  classification  of  Virginia’s 
plants  was  important.  In  1738,  Gronovius  wrote  to  Dr.  Richardson,  his  English  friend: 
"I  assure  you.  Sir,  it  was  by  his  [Linnaeus’s]  principles  alone  that  I  could  reduce  several 
of  your  Virginian  plants  to  their  proper  genus,  which  till  now  could  not  be  referred  to 
any  class  ..."  (Smith,  1821,  II,  179;  Berkeley  and  Berkeley,  1963;  p61). 

Through  his  connections  and  with  his  interest,  Gronovius’s  publication  of  Flora 
Virginica  in  Latin  made  Clayton’s  work  available  to  the  international  world  of  botany, 
something  the  Virginian  could  not  do  in  the  colonies.  When  Gronovius  enlisted  the 
help  of  Linnaeus  in  classifying  Clayton’s  Virginia  plants  with  the  new  principles,  he 
could  reorder  Clayton’s  plants  in  conformity  with  the  most  modem  botanical  taxo¬ 
nomic  method,  a  method  to  which  Clayton,  who  relied  on  the  polynomial  descriptions 
of  Ray,  had  no  access.  The  title  page  of  Flora  Virginica  accurately  described  their 
relationship. 

Linnaeus  knew  of  and  recognized  Clayton’s  contributions  as  a  collector  of  Vir¬ 
ginia’s  plants,  honoring  him  in  1737  by  giving  the  genus  name,  Claytonia,  to  one  of 
his  collected  plants  (Berkeley  and  Berkeley,  1963;  p70).  Clayton  was  sent  one  of 
Clifford’s  privately  printed  Hortus  Cliffortianus,  a  gift  mediated  by  Gronovius 
(Berkeley  and  Berkeley,  1963;  p68).  Subsequent  to  the  publication  of  Part  One  in  1739, 
Clayton  acquired  several  of  the  books  authored  by  Linnaeus  as  he  mastered  the  new 
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classification  system,  acknowledging  them  in  his  only  surviving  letter  to  Linnaeus  from 
1748  (Berkeley  and  Berkeley,  1963;  p36,  105-106).  Clayton,  despite  his  geographical 
isolation  in  America,  thus  became  a  member  of  that  thriving  society  of  natural 
philosophers  without  national  boundaries,  the  Republic  of  Letters. 

NEW  EVIDENCE 

New  evidence  shows  that  one  contemporary  acquainted  with  Clayton’s  reputation, 
the  German  artist  Ehret  who  illustrated  Hortus  Cliffortianus,  did  not  use  Gronovius’s 
name  when  he  referred  to  Flora  Virginica.  A  watercolor  drawing  by  Ehret,  inscribed 
"PRINOS  Joh.  Clayton.  Flor.  virg.  39,"  was  found  by  this  researcher  in  one  of  the  more 
than  12  boxes  of  uncataloged  botanical  drawings  by  Ehret  in  the  Victoria  and  Albert 
Museum  Word  and  Image  Department  (Fig.  1).  Ehret  knew  that  the  Prinos  is  described 
on  page  39  of  the  1739  Flora  Virginica,  where  it  is  called  by  its  early  name,  Agrifolii, 
sharp  leaved,  or  a  holly  (Clayton  and  Gronovius,  1739).  Also  included  in  Flora 
Virginica  is  the  herbarium  number,  Clayt.  n.  78,  that  Gronovius  gave  to  Clayton’s 
specimen.  Gronovius  imposed  the  new  Linnaean  "sexual  system"  in  ordering  Clay¬ 
ton’s  plants.  Hence,  because  the  flower  of  Prinos  has  six  stamen  and  one  pistil,  it  was 
listed  under  "Class:  HEXANDRIA.  Order:  Monogynia"  signifying  that  the  plant  had 
six  male  parts  and  one  female  part.  Among  the  generic  names  used  in  the  past  for  the 
genus  Ilex  is  Prinos,  associated  with  certain  deciduous  species  of  North  America  whose 
flower  parts  are  usually  found  in  sixes  (Dallimore,  1908;  p6,  144,  147).  In  Femald’s 
8th  edition  of  Gray’s  Manual  of  Botany  (1950;  p981)  Prinos  is  a  sub-genera  of  Ilex. 
The  plant  now  bears  the  name  Ilex  verticillata  [(L.)  Gray]  or  winterberry. 

Ehret,  having  left  Leiden,  was  in  England  and  between  1739  and  1742  was  in  a 
perfect  position  to  have  full  knowledge  of  the  circumstances  of  the  production  of  Flora 
Virginica  and  to  attribute  the  book  to  Clayton.  He  and  Catesby  made  botanical  studies 
in  the  famous  garden  belonging  to  Peter  Collinson,  the  most  important  member  of  the 
wide-ranging  letter-writing  and  botanical  exchange  network  of  natural  philosophers 
(Swem,  1957;  Berkeley  and  Berkeley,  1963;  p79-80).  Together  they  drew  the  plants 
Collinson  grew  from  the  cuttings  and  seeds  received  from  the  colonial  naturalists, 
including  Clayton  (McBumey,  1997;  p42,150).  The  Ilex  verticillata  under  the  name 
"Prinos"'  was  introduced  into  Great  Britain  in  1736  (Andrews,  1999).  Collinson  must 
have  successfully  grown  the  plant  because  he  observed  that  it  was  dioecious  with 
staminate  and  pistillate  flowers  on  different  plants  and  sent  that  information  to 
Gronovius  to  be  added  in  Part  Two  of  the  Flora  Virginica  (Clayton  and  Gronovius, 
1743;  pl53). 

Alexander  Garden,  the  Carolina  botanist,  also  understood  the  relationship  between 
Clayton  and  Gronovius.  Garden,  in  a  letter  of  1753,  told  his  former  botany  professor 
at  the  University  of  Edinburgh,  Dr.  Charles  Alston,  that  "I’ve  got  Clayton’s  description 
of  the  Virginia  Plants  revised  by  Gronovius"  (Berkeley  and  Berkeley,  1963;  pi  25). 

SOURCE  OF  ERROR 

In  the  publication  of  Species  Plantarum  (Linnaeus,  1 753),  the  modem  starting  point 
for  botanical  nomenclature,  Linnaeus  used  his  new  binomial  nomenclature  (Steam, 
2001;  p7,  8).  For  instance,  he  systematized  Prinos  as  Hexandria  monogynia  with  the 
binomial  Prinos  verticillatus  and  synonym  Prinos  foliis  longitudinaliter  serratis,  Gron. 
virg.  39  (1753;  p330).  By  using  "Gron.  virg.  39"  rather  than  "Joh.  Clayton.  Flor.  virg. 
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FIGURE  1  Georg  Dionysius  Ehret.  Prinos.  Watercolor  drawing.  DPI  A.  By  permission  of  the  Victoria  & 
Albert  Picture  Library. 

39,"  as  on  Ehret’s  watercolor,  Linnaeus  in  effect  gave  the  authorship  of  Flora  Virginica 
to  Gronovius  alone.  This  imprecise  citation,  appearing  elsewhere  in  the  widely  used 
Species  Plantarum,  is  most  likely  the  source  of  the  future  misattribution  of  Flora 
Virginica  to  which  Berkeley  and  Berkeley  (1963;  p64,  65)  refer,  a  mistake  which  is 
continued  in  some  current  library  catalogs  and  bibliographies. 


AUTHORSHIP  OF  FLORA  VIRGINICA 


131 


SECOND  EDITION  OF  FLORA  VIRGINICA 

In  1757,  when  Clayton  apparently  despaired  of  Gronovius’s  promised  publication 
of  a  Part  Three  of  Flora  Virginica,  he  sent  a  manuscript  describing  his  new  botanical 
discoveries  to  Collinson,  who  had  helped  Catesby,  Mitchell  and  others  to  publish  their 
work  in  Europe  (Berkeley  and  Berkeley,  1963;  pl31,  132).  Letters  written  by  John 
Ellis,  an  active  member  of  the  Royal  Society,  refer  to  this  manuscript  and  suggest  Ehret 
will  do  its  illustration.  A  rough  draft  of  Clayton’s  manuscript  in  the  Linnaean  Library 
in  London,  outlined  for  the  printer  by  Ellis,  is  all  that  survives  of  this  never  published 
manuscript  (Berkeley  and  Berkeley,  1963;  pl38,  183-191).  The  drawing  by  Ehret 
mentioned  above,  with  the  reference  to  Clayton’s  name,  is  the  only  one  known  to  this 
researcher. 

A  second  edition  of  Flora  Virginica  (Clayton  and  Gronovius,  1762),  enlarged  and 
corrected,  and  not  a  Part  Three  with  the  new  plants  sent  by  Clayton  and  others  to 
Gronovius,  was  published  in  Leiden  by  the  son  of  Gronovius,  Laurens  Theodore,  in 
1762,  the  year  of  his  father’s  death.  As  an  indication  of  the  kind  of  editing  performed, 
the  Prinos  serves  as  an  example.  The  notes  about  the  Prinos  in  Parts  One  and  Two 
were  integrated.  New  information  that  the  flower  bloomed  in  June  and  a  new  citation 
of  a  paper  by  Collinson  was  added.  The  entry  had  a  new  heading,  PRINOS  foliis 
longitudinaliter  serratis,  Linn.  spec.  330,  not  using  Linnaeus’s  binomial  (Clayton  and 
Gronovius,  1 762;  p54).  In  the  second  edition,  twice  as  large  and  handsomer  in  physical 
appearance  than  the  earlier  octavo  edition,  a  translation  of  the  title  page  in  Latin  now 
stated:  "Flora  Virginica  exhibiting  plants  that  the  most  noble  man,  ’D.  D.  Johannis 
Claytonus’  in  Virginia  grew,  observed,  collected  and  beheld."  Gronovius  was  named 
as  the  orderer  of  the  plants. 

The  Introduction  by  Laurens  was  flowery  and  again  gave  Clayton  credit  for  his 
important  role.  In  the  younger  Gronovius’s  second  edition  (1762),  Clayton’s  name 
was  included  in  the  "Citationes  Auctorum"  as  a  "Numeri  Plantarum"  with  a  reference 
to  Flora  Virginica.  The  first  edition  of  Flora  Virginica  was  listed  separately  without 
an  author’s  name,  adding  to  future  bibliographic  uncertainties  for  library  catalogers. 

The  1762  book  is  the  one  Thomas  Jefferson  owned.  When  Jefferson  described  an 
"infinitude  of  .  .  .  plants  and  flowers"  in  his  Notes  on  the  State  of  Virginia  of  1787 
(Peden  1958;  p42),  he  referred  his  readers  to  "the  Flora  Virginica  of  our  great  botanist. 
Dr.  Clayton,  published  by  Gronovius  at  Leyden,  in  1762.  This  accurate  observer  was 
a  native  and  resident  of  this  state,  passed  a  long  life  in  exploring  and  describing  its 
plants,  and  is  supposed  to  have  enlarged  the  botanical  catalogue  as  much  as  almost  any 
man  who  has  lived." 

Jefferson’s  instincts  were  correct  even  if  details  were  inaccurate:  Clayton  was  bom 
in  England  and  probably  was  not  a  medical  doctor  (Berkeley  and  Berkeley,  1963;  p5, 
23). 

CONCLUSION 

A  search  of  the  literature  and  new  evidence  shows  that  Clayton’s  contribution  to 
the  Flora  Virginica  was  well  understood  in  his  time.  The  placement  of  Clayton’s  name 
on  the  title  page  along  with  that  of  Gronovius  appropriately  represented  the  joint  roles 
of  the  two  men.  In  an  age  when  interest  in  the  dispersal  of  new  knowledge  of  botany 
was  high.  Flora  Virginica  was  a  timely  publication.  John  Clayton,  isolated  in  the 
colonies,  had  the  good  luck  to  be  a  friend  of  Catesby,  in  touch  with  Collinson,  known 
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to  the  pre-emment  botanist  Linnaeus  and  recognized  and  published  by  a  well-placed 
Dutchman  who  for  20  years  maintained  his  correspondence  and  support.  No  plagiarist, 
the  elder  Gronovius  made  clear  all  that  Clayton  contributed  to  the  discovery,  descrip¬ 
tion  and  recording  of  Virginia  flora.  The  bibliographical  mistake  made  by  Linnaeus 
in  the  18th  century  should  be  remedied  and  John  Clayton  should  be  cited  as  the 
co-author  of  Flora  Virginica. 
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Instructions  to  Authors 


All  manuscripts  and  correspondence  should  be  addressed  to  the  Editor.  The 
Virginia  Journal  of  Science  welcomes  for  consideration  original  articles  and  short 
notes  in  the  various  disciplines  of  engineering  and  science.  Cross-disciplinary 
papers  dealing  with  advancements  in  science  and  technology  and  the  impact  of 
these  on  man  and  society  are  particularly  welcome.  Submission  of  an  article  implies 
that  the  article  has  not  been  published  elsewhere  while  under  consideration  by  the 
Journal. 

Three  complete  copies  of  each  manuscript  an  figures  are  required.  It  is  also 
required  that  authors  include  a  diskette  in  IBM  compatible  format  containing  a  text 
file  (ASCII  or  acceptable  word  processing  file)  of  the  manuscript.  Original  figures 
need  not  be  sent  at  this  time.  Authors  should  submit  names  of  three  potential 
reviewers.  All  manuscripts  must  be  double-spaced.  Do  not  use  special  effects  such 
as  bold  or  large  print. 

The  title,  author’s  name,  affiliation,  and  address  should  be  placed  on  a  cover 
page.  An  abstract  (not  to  exceed  200  words)  summarizing  the  text,  particularly  the 
results  and  conclusions,  is  required.  The  text  should  follow  the  general  format  used 
by  professionaljournals  in  the  author’s  discipline.  Literature  cited  in  the  text  should 
follow  the  name-year  format:  (McCaffrey  and  Dueser,  1990)  or  (Williams  et  al., 
1990).  In  the  Literature  Cited  section  at  the  end  ofthe  article,  each  reference  should 
include  the  full  name  of  the  author(s),  year,  title  of  article,  title  of  journal  (using 
standard  abbreviations),  volume  number  and  first  and  last  page  ofthe  article.  For 
a  book,  include  author(s),  year,  title,  pages  or  number  of  pages,  publisher  and  city 
of  publication.  Examples: 

McCaffrey,  Cheryl  A.  and  Raymond  D.  Dueser.  1990.  Plant  associations  ofthe 

Virginia  barrier  islands.  Va.  J.  Sci.  41:282-299. 

Spry,  A.  1969.  Metamorphic  Textures.  Pergamon  Press,  New  York.  350  pp. 

Each  figure  and  table  should  be  mentioned  specifically  in  the  text.  All  tables, 
figures  and  figure  legends  should  be  on  a  separate  pages  at  the  end  ofthe  text. 

Multiple  author  papers  are  required  to  have  a  statement  in  the  acknowledg¬ 
ments  indicating  the  participation  and  contribution  of  each  author. 

After  revision  and  final  acceptance  of  an  article,  the  author  will  be  required  to 
furnish  two  error-free  copies  ofthe  manuscript:  1)  typed  copy,  single  spaced,  with 
tables  and  figure  captions  at  the  end  ofthe  document,  and  one  set  of  original  figures, 
each  identified  on  the  back  by  figure  number  and  author’s  name;  2)  a  diskette  in  an 
IBM  compatible  format  containing  the  text  file,  tables  and  figure  legends. 
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Graminicolous  Fungi  of  Virginia: 

Fungi  in  Collections  1995  -  2003 

Curtis  W.  Roane,  Professor  Emeritus,  Department  of  Plant  Pathol¬ 
ogy,  Physiology,  and  Weed  Science, 

Virginia  Polytechnic  Institute  and  State  University, 
Blacksburg,  Virginia  24061-0331 

ABSTRACT 

Fungus-grass  associations  recognized  in  Virginia  from  1995  to  2003  are 
recorded.  Many  associations  are  new  to  the  United  States  (59),  eastern  United 
States  (2),  and  Virginia  (21);  others  extend  the  known  distribution  for  those 
previously  discovered.  These  reports  contribute  to  the  natural  history  of 
Virginia. 


INTRODUCTION 

This  report  describes  collections  of  fungi  identified  on  members  of  Poaceae  in 
Virginia  since  1995  when  such  collections  were  last  described  (Roane  &  Roane,  1994, 
1996,  1997).  Our  objectives  and  procedures  were  described  in  those  reports  but  will 
be  summarized  here. 

When  a  grass  bearing  fungi  was  studied,  samples  were  incubated  2-4  days  in  a 
moist  chamber,  and  all  sporulating  fungi  were  identified  using  manuals  and  mono¬ 
graphs  cited.  Any  fungus  not  listed  by  Farr  et  al.  (1989)  and  Farr  et  al.  (no  date)  was 
presumed  to  be  a  new  record  for  the  U.S.A.  (NR,  U),  east  of  the  Mississippi  (NR,  EU), 
or  for  Virginia  (NR,  V).  Most  of  the  fungi  found  have  been  described  before  on  some 
host  but  a  new  host  for  a  fimgus  implies  a  new  record.  No  fiingi  were  cultured  and  no 
attempt  was  made  to  establish  or  prove  pathogenicity;  only  presence  was  established. 
Where  material  was  adequate,  a  dried  original  specimen  was  preserved  along  with  dried 
incubated  material.  An  acquisition  number  was  assigned  to  each  collection;  ROO-10 
refers  to  collection  10  of  2000.  Plant  Clinic  numbers  refer  to  the  year  and  specimen 
number  sent  to  the  V.P.I.  &  S.U.  Plant  Clinic  (ex.:  PI.  Cl.  00-351).  Since  no  fiingi  were 
cultured,  in  general,  nomenclature  of  grasses  and  fiingi  presented  by  Farr  et  al.  (1989) 
was  followed.  Later  revisions  of  nomenclature  are  noted.  Because  of  their  frequency 
in  the  text,  Roane  and  Roane  will  be  cited  as  R  &  R,  Shoemaker  and  Babcock  as  S  & 
B,  and  Ellis  and  Ellis  as  E  &  E;  these  are  listed  completely  in  the  references. 

Agropyron  repens  (L.)  Beauv.  Syn.,  Elytrigia  repens  (L.)  Nevski  -  quackgrass 

Ascomycotina: 

Claviceps  purpurea  (Fr.:Fr.)  Tul.,  ergot.  As  stated  previously  (R  &  R,  1996),  this 
fungus  is  widespread  on  A.  repens;  pseudosclerotia  are  readily  observed  on  spikes 
approaching  maturity.  A  specimen  collected  July  1 1 , 2003  was  received  from  a  Fairfax 
Co.  horse  farm  with  the  complaint  that  30  horses  were  having  neurological  incoordi¬ 
nation  in  early  June,  a  time  too  early  for  the  appearance  of  ergot  peudosclerotia 
(R03-16,  PL  CL  03-689).  Thus,  horses  were  not  suffering  from  ergotism.  An  addi¬ 
tional  collection  was  made  July  22, 2003  near  the  Norfolk  Southern  Rwy.  and  Rt.  660 
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in  Montgomery  Co.;  two  other  fungi  were  identified  in  this  collection  (R03-19).  See 
below. 

Phaeosphaeria  tritici  (Garov.)  Hedjar.  was  identified  on  collection  R03-19  (see 
above).  Ascospores  were  typical  of  Phaeosphaeria  spp.,  being  13-21  X  3-5  pm, 
3-septate,  enlarged  penultimate  cell  (S  &  B,  1985,  p.l536).  (NR,  U).  This  fimgus  was 
found  on  Aegilops  cylindrica  in  1995  (R  &  R,  1996)  and  in  2003  on  Panicum  virgatum 
(see  P.  virgatum  in  this  report). 

Basidiomycotina: 

Puccinia  recondita  Rob.  ex.  Desm.,  II,  III,  was  collected  July  22, 2003  near  Rt.  660 
and  the  N.  S.  Rwy.  in  Montgomery  Co.  (R03- 1 9).  Apparently  this  fimgus  is  widespread 
on  grasses  in  the  Appalachian  Highlands.  It  has  been  collected  on  about  20  species  (R 
&R,  1996,  1997). 

Deuteromycotina  -  Coelomycetes: 

Stagonospora  nodorum  (Berk.)  Cast.  &  Germ.,  causing  leaf  spots  and  tip  wilt,  was 
collected  Aug.  24,  2003  on  Butt  Mt.  at  the  communication  towers  area,  Giles  Co. 
(R03-29).  This  fimgus  was  long  known  as  Septoria  nodorum  Berk,  and  is  at  times  very 
damaging  to  wheat,  especially  as  a  cause  of  the  glume  blotch  disease.  It  was  reported 
on  8  other  grasses  by  R  &  R  (1996,  1997). 

Agrostis  spp.  “  bentgrass 

When  one  attempts  to  key  out  species  of  Agrostis,  three  species  are  difficult  to 
distinguish  (a)  A.  alba,  (b)  A.  gigantea  and  (c)  A.  stolonifera.  In  Farr  et  al  (1989),  a 
and  c  are  synonyms;  b  is  called  redtop,  c  is  creeping  bentgrass.  Roane  (1991)  lists  a 
and  c  as  distinct  species  but  does  not  recognize  b.  In  Femald  (1950)  a  includes  c;  a 
and  b  are  distinct.  Hitchcock  &  Chase  (1950)  recognize  a  and  c,  but  not  b.  On  the 
advice  of  T.  J.  Wieboldt,  curator  of  the  Massey  Herbarium  at  V.P.I.  &  S.U.,  I  have  used 
b  as  the  preferred  name  for  all  three.  This  is  the  only  name  appearing  in  Atlas  of 
Virginia  Flora  (Harvill,  1992). 

In  the  list  of  fungi,  Agrostis  spp.  will  be  referred  to  by  number: 

1.  Agrostis  canina  L.  -  velvet  bentgrass. 

2.  A.  gigantea  Roth  (including  A.  alba  L.,  A.  palustris  Huds.,  A.  stolonifera  L.)  - 
redtop, 

creeping  bentgrass. 

3.  A.  hiemalis  (Walter)  B.S.P.  (Also  spelled  A.  hyemalis)  -  hairgrass,  winter 
bentgrass. 

4.  A.  perennans  (Walter)  Tuck.  -  autumn  bentgrass. 

5.  A.  tenuis  Sibth.  (=  A.  capillaris)  -  colonial  bentgrass. 

Ascomycotina: 

Sclerotinia  homoeocarpa  F.  T.  Bennett,  causing  dollar  spot  of  bent  and  other 
grasses,  is  reported  in  Virginia  by  Farr  et  al.  (1989)  on  1,  2,  &  5,  who  cites  Sprague 
(1950)  as  the  source.  Although  I  have  not  collected  it,  several  specimens  have  been 
received  by  the  Plant  Clinic  over  the  years. 

Basidiomycotina: 

Puccinia  coronata  Cda.,  II,  III,  crown  rust,  was  collected  on  2  at  the  Butt  Mt. 
communication  tower  area,  Giles  Co.,  Aug.  24, 2003  (R03-33a).  Farr  et  al.  (1989)  list 
Agrostis  spp.  as  hosts  in  Kentucky  and  West  Virginia,  not  Virginia.  R  &  R  (1996) 

reported  it  on  2  and  4. 
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Puccinia  recondita  Rob.  ex  Desm.,  II,  III,  collected  below  Gatewood  Dam,  Pulaski 
Co.,  Aug.  17, 2003,  on  4  (R03-24)  was  colonized  by  Sphaerellopsis  filum,  see  below. 
(NR,  V) 

Thanatephorus  cucumeris  (A.B.  Frank)  Donk  causing  brown  patch  is  reported  by 
Farr  et  al.  on  1,  2,  and  5.  It  is  frequently  received  on  2  and  5  by  the  Plant  Clinic. 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  sorokiniana  (Sacc.)  Shoem.  was  found  on  2  in  Bland  Co.  on  Dismal  Creek 
Rd.  near  junction  with  road  to  Sugar  Run,  July  27, 2003  (R03-18). 

Curvularia  lunata  (Wakk.)  Boed.  also  occurred  on  the  collection  above  (R03-18). 
Farr  et  al.  (1989)  report  it  on  5  in  Virginia. 

Drechslera  erythrospila  (Drechs.)  Shoem.  was  collected  on  2  (R03-33a)  at  the  Butt 
Mt.  communication  tower  site,  Giles  Co.,  Aug.  24,  2003  and  on  3  (R03-9)  in  a 
Blacksburg  residential  area  July  3, 2003  (NR,  V).  Farr  et  al.  (1989)  list  it  on  1  and  2. 

Exserohilum  halodes  (Drechs.)  Leonard  &  Suggs  was  found  on  the  Dismal  Ck.  Rd. 
site  (R03-18),  Bland  Co.  on  2,  July  27,  2003.  Farr  et  al.  (1989,  p.704)  list  E.  halodes 
as  a  synonym  of  E.  rostratum  ,  but  Ellis  (1971,  pp.  409-410)  shows  the  spore 
morphology  of  these  to  be  distinct  and  recognizes  both  species.  Collection  R03-18 
clearly  fits  E.  halodes  of  Ellis  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Ascochyta  sorghi  Sacc.  is  one  of  the  most  ubiquitous  species  on  grasses,  having 
been  found  previously  on  38  species  (R  &  R,  1994,  1996,  1997);  strangely  there  are 
no  reports  in  Farr  et  al.  (1989)  on  Agrostis  spp.  in  Virginia  and  surrounding  states.  It 
was  collected  on  Dismal  Ck.  Rd.  in  eastern  Bland  Co.,  July  27,  2003  on  2  (R03-18). 
Spores  measured  9-1 IX  3-4  pm.  (NR,  V). 

Phaeoseptoria  urvilleana  (Speg.)  Sprague  was  found  on  glumes  and  lemmas  of  2 
infected  with  the  seed  nematode,  Anguina  agrostis  (Steinbuch,  1799)  Filipjev,  1936, 
collected  at  the  Butt  Mt.  site  Aug.  24, 2003  (R03-33b).  Spores  measured  30-50  X  4-6 
pm,  were  8-9-septate,  constricted  at  the  septa,  yellow  to  light  brown.  This  species  is 
considered  to  be  saprophytic;  it  has  been  identified  previously  on  5  other  species  (R  & 
R,  1994,  1996).  (NR,  V).  Separation  of  the  genera  dind  Stagonospora 

appears  to  be  based  on  colored  spores  in  the  former  and  hyaline  spores  in  the  latter. 
The  former  are  saprophytic;  the  latter  parasitic  (Sprague,  1950). 

Although  this  compilation  is  of  fungi,  the  recognition  of  the  bentgrass  nematode 
on  2  is  the  first  for  this  nematode  in  Virginia.  Its  occurrence  will  be  noted  elsewhere. 
A  frill  description  is  given  by  Thome  (1961). 

Septoria  passerinii  Sacc.  was  collected  on  4  at  the  site  below  Gatewood  Dam, 
Pulaski  Co.,  Aug.  17,  2003  (R03-24).  Spores  measured  32-37  X  2  pm.  This  fungus 
has  been  previously  collected  on  2  and  4;  it  is  common  on  barley  in  Virginia  (R  &  R, 
1994,  1996). 

Sphaerellopsis  filum  (Biv.-Bem.  ex  Fr.)  Sutton,  a  parasite  of  msts,  occurred  on 

Puccinia  recondita  collected  on  4  below  Gatewood  Dam,  Pulaski  Co.,  Aug.  17, 2003, 
and  is  noted  above  (R03-24).  (NR,  U). 

Stagonospora  arenaria  (Sacc.)  Sacc.  occurred  on  4  at  the  Gatewood  Dam  site, 
Pulaski  Co.,  Aug  17,  2003  (R03-24).  Spores  measured  32-37  X  2  pm,  were  mostly 
4-septate  and  curved. 
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Wojnowicia  hirta  Sacc.  was  collected  on  2  at  the  Butt  Mt.  towers,  Giles  Co.,  Aug. 
24,  2004.  It  was  associated  with  wilted  leaf  tips  (R03-33a)  (NR,  U).  Sprague  (1950) 
considered  W.  hirta  to  be  Hendersonia  crastophila  Sacc.  Farr  et  al.  (1989)  and  Sutton 
(1980)  consider  H.  crastophila  to  be  a  synonym  of  W.  hirta. 

Andropogon  spp. 

Collections  were  made  on  only  two  species  of  Andropogon: 

1.  A.  gerardii  Vitm.  -  big  bluestem 

2.  A  .  virginicus  L.  -  broomsedge 

Deuteromycotina  -  Hyphomycetes: 

Bipolar  is  cynodontis  (Marig.)  Shoem.  was  collected  on  2  at  Montgomery  Tunnels, 
Montgomery  Co.,  July  9,  1996.  (R96-4).  (NR,  U). 

Cerebella  andropogonis  Ces.,  the  cause  of  blackheads  or  false  smut,  was  collected 
on  1  at  Kentland  Farm,  the  V.P.I.  &  S.U.  research  farm  at  Whitethome,  Montgomery 
Co.,  Oct.  4,  2000  (ROO-3).  See  comments  under  Bothriochloa  caucasicum.  Most 
records  for  this  fungus  are  from  southern  and  western  U.S.A.  (Farr  et  al.,  1989).  (NR, 
V). 

Deuteromycotina  -  Coelomycetes: 

Phoma  sorghina  (Sacc.)  Boer.,  Doren,  and  van  Kest.  (  =  Phyllosticta  sorghina 
Sacc.)  was  collected  on  2  on  the  ridge  of  Brush  Mt.  1/4  mi.  west  of  U.S.  460, 
Montgomery  Co.,  Aug.  5, 2001  (RO 1- 1 8).  This  is  a  commonly  occurring  fungus  having 
been  reported  previously  on  16  grass  species.  Farr  et  al.  (1989)  list  no  Phoma  spp.  on 
Andropogon  but  it  was  reported  on  2  by  R  &  R,  (1996). 

Wojnowicia  hirta  Sacc.  was  collected  on  2  at  Montgomery  Tunnels,  Montgomery 
Co.,  July  9,  1996  (R96-4).  See  notes  under  05^/5.  (NR,  U). 

Anthoxanthum  odoratum  L.  -  sweet  vemalgrass 

Deuteromycotina  -  Hyphomycetes: 

Drechslera  biseptata  (Sacc.  &  Roum.)  Richardson  &  E.  M.  Fraser  was  collected 
in  a  pasture  on  the  shore  of  Claytor  Lake  about  1  mi.  below  the  State  Park,  Pulaski  Co., 
June  10, 2003  (R03-6).  Spores  measured  23-32X  1 1-12  pm,  were  2-3-septate,  ovoid 
to  broadly  clavate.  D.  dematioidea  (Bubak  &  Wrob.)  Subr.  &  Jain  is  more  common 
on  A.  odoratum  and  is  similar  as  shown  by  Ellis  (1971);  this  collection  is  clearly  D. 
biseptata.  (NR,  U). 

Microdochium  bolleyi  (R.  Sprague)  De  Hoog  &  Herm.  was  collected  at  the  same 
site  (R03-6).  The  identity  of  this  fungus  is  uncertain;  conidia  measured  3-4X  0.6- 1.0 
pm,  smaller  than  described  by  Sprague  (1950,  p.  289).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Collet otrichum  graminicola  (Ces.)  G.  W.  Wils.  was  common  on  blades  and  sheaths 
in  collection  (R03-6). 

Bothriochloa  caucasicum  (Trin.)  C.E.  Hubbard  -  Caucasian  bluestem. 

Deuteromycotina  -  Hyphomycetes: 

Cerebella  andropogonis  Ces.,  the  cause  of  blackheads  or  false  smut  was  first 
noticed  on  inflorescences  of  this  host  Oct.  1 , 2000,  at  Kentland  Farm,  Montgomery  Co. 
The  host  is  a  relatively  recent  introduction  in  the  U.S.  and  was  being  evaluated  as  a 
forage  crop.  The  fungus  was  observed  annually  on  plants  sown  in  a  field  opposite  the 
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main  entrance  to  Kentland  Farm  (ROO-2).  An  additional  collection  was  made  on  Oct. 
12, 2003  (R03-39).  Its  identity  was  established  by  Lori  M.  Garris  of  Washington  State 
University.  Descriptions  and  illustrations  have  been  published  by  Sprague  (1950).  and 
Ellis  (1971).  See  also  Andropogon  gerardii  above.  It  is  reported  previously  in  V irginia 
on  carpet  grass,  Axonopus  affinis  Chase  (Farr  et  aL,  1989).  (NR,  U). 

Curvularia  cymbopogonis  (C.  W.  Dodge)  Groves  &  Skolko  was  associated  with 
leaf  spots  on  an  Oct.  12,  2003  (R03-39)  collection  from  Kentland  Farm.  Conidia 
measured  38-55  X  14-18  pm,  were  4-septate  with  a  protruding  hilum  and  conformed 
to  the  morphology  as  illustrated  by  Ellis  (1971,  p.  454),  This  species  is  reported  on 
Andropogoneae  in  tropical  and  subtropical  regions  by  Farr  et  al.  (1989)  and  in  Jamaica 
by  Ellis  (1971).  (NR,  U). 

Bromus  spp.  -  brome  grass,  chess,  cheat 

1.  Bromus  catharticus  Vahl  -  rescue  grass. 

2.  B.  ciliatus  L.  -  fringed  brome. 

3.  B.  purgans  L.  -  Canada  brome. 

4.  B.  sitchensis  Trin.  -  no  common  name. 

Ascomycotina: 

Blumeria  graminis  (DC.)  E.  O.  Speer  (Syn.  -  Erysiphe  graminis  DC.)  powdery 
mildew  on  1  was  sent  to  the  Plant  Clinic  (PI.  Cl.  99-620)  from  Shenandoah  Co.  by 
Agent  B.  Clark  on  May  2,  1999  (ROO-13).  (NR,  V). 

Basidiomycotina: 

Puccinia  recondita  Rob.  ex  Desm.,  II,  causing  leaf  rust  on  4,  was  sent  to  the  Plant 
Clinic 

(PI.  Cl.  02-1293)  from  the  Lamar  Rhodes  Farm,  Dayton,  Rockingham  Co.  on  Sept. 

1 1,  2002  (R02-2).  This  grass,  4,  was  being  grown  for  seed.  (NR,  U). 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  sorokiniana  (Sacc.)  Shoem.  occurred  on  4  from  the  Rockingham  Co.  site 
described  above  (R02-2).  (NR,  U). 

Fusarium  avenaceum  (Fr.:Fr.)  Sacc.  spores  were  produced  on  incubated  leaves  of 
4  from  the  Rockingham  Co.  site  (R02-2).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Ascochyta  agropyri-repentis  (R.  Sprague)  Punithalingham  was  collected  on  2  &  3 
in  200 1 .  On  each  host  the  fiingus  was  associated  with  striking  brown  leaf  spots  with 
yellow  margins.  Host  2  came  from  elevation  of  about  3700  ft.  on  Buffalo  Mt.,  Floyd 
Co.,  July  15,  2001  (ROl-9);  3  came  from  a  road  bank  along  Walker  Ck.,  Rt.  708  near 
Rt.  622,  Giles  Co.,  July  23, 2001  (ROl-13).  Conidia  of  this  fungus  measured  15-19  X 
3  pm,  and  because  the  septum  is  not  medianly  located,  Sprague  (1950,  p.  150)  placed 
it  in  the  genus  Apiocarpella.  Sprague  also  described  Ap.  broml  {syn.  Ascochyta 
macrospora  (Speg.)  Melnik}  on  B.  anomalus.  Conidia  of  A.  macrospora  are  much 
larger,  27-31  X  6-9  pm  (Sutton,  1980,  p.  45).  (NR,  U,  2). 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  was  collected  on  3  on  the  Rt.  708, 
Giles  Co.  site  described  above,  July  23,  2001  (ROl-13).  Although  common  on  many 
grasses,  it  is  not  listed  on  3  by  Farr  et  al.  (1989)  in  the  eastern  states.  (NR,  V). 

Calamagrostis  porteri  Gray  -  reedgrass 

Deuteromycotina  -  Coelomycetes: 
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Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  was  collected  at  the  Butt  Mt. 
communication  towers  at  a  craggy  overlook,  Giles  Co.,  Aug.  24, 2003  (R03-27).  Farr 
et  al.  (1989)  do  not  list  this  host.  (NR,  U). 

Chasmanthium  latifolium  (Michx.)  Yates  (Syn.  Uniola  latifolia)  -  wild  oats. 

Ascomycotina: 

Paraphaeosphaeria  michotii  (West.)  O.  Eriks,  was  collected  between  the  New  R. 
and  Rt.  625,  below  the  Big  Falls,  (=  McCoy  Falls)  Giles  Co.,  Oct.  31, 2003  (R03-44). 
Ascocarps  occurred  on  pedicels:  the  2-septate,  dark  brown,  spores  are  constricted  at 
the  septa  and  measure  13-18X5-6  pm.  It  is  illustrated  by  S  &  B  (1985).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  occurred  on  culms,  blades,  and 
sheaths  in  the  collection  above  (R03-44).  It  was  collected  at  the  same  site  in  1989  (R 
&  R,  1997). 

Phoma  sorghina  (Sacc.)  Boer.,  Dorenb.  &  van  Kest.  with  ovoid  spores  measuring 
5-7  X  2.5  -3.5  pm  occurred  on  blades  in  the  collection  above  (R03-44).  (NR,  U). 

Cynodon  dactylon  (L.)  Pers.  ~  Bermudagrass 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  cynodontis  (Marig.)  Shoem.,  associated  with  leaf  spots,  was  collected  at 
three  new  locations;  Sept.  8,  2001  near  the  N.  S.  Rwy.  tunnel,  Eggleston,  Giles  Co. 
(ROl-22);  by  Agent  Billie  Jean  Lester,  Surry,  Surry  Co.,  Sept.  20,  2001  (ROl-26,  PI. 
Clinic  01-1492);  by  Agent  Matt  Rowe,  Virginia  Beach,  Nov.  7,  2003  (R03-48),  PI. 
Clinic  03-1187).  No  doubt,  this  fungus  will  be  found  wherever  C.  dactylon  grows  in 
Virginia. 

Bipolaris  specifera  (Bainier)  Subr.  was  collected  at  the  Eggleston,  Giles  Co.  site 
above.  Sept.  8,  2001  (ROl-22);  it  may  also  have  been  a  leaf  spotting  fimgus.  Conidia 
measured  25-29  X  8-10  pm  and  were  straight  with  3  septa.  It  has  been  retained  in 
Curvularia  by  some  authors.  (NR,  V). 

Curvularia  lunata  (Wakk.)  Boedijn  occurred  on  incubated  leaves  of  the  Virginia 
Beach  collection  cited  above  (R03-48,  PI.  Clinic  03-1187).  Conidia  measured  20-22 
X  8,  were  3 -septate,  end  cells  hyaline,  middle  two  cells  dark.  (NR,  V). 

Curvularia  senegalensis  (Speg.)  Subr.  was  mixed  with  C  lunata  in  the  Virginia 
Beach  collection  (R03-48,  PI.  Clinic  03-1187).  Conidia  measured  24-30  X  8-9  pm, 
were  4-septate,  dark  only  in  central  cell,  curved,  smooth.  It  is  listed  on  sugarcane  in 
Hawaii  by  Farr  et  al.  (1989)  and  is  illustrated  by  Ellis  (1971).  (NR,  U). 

Fusarium  avenaceum  (Fr.:Fr.)  Sacc.  was  also  present  on  the  Virginia  Beach 
collection  (R03-48).  It  is  reported  only  in  Oregon  on  C.  dactylon  by  Farr  et  al.  (NR, 
EU). 

Nigrospora  sphaerica  (Sacc.)  Mason  appeared  on  incubated  leaves  of  the  Virginia 

Beach  collection.  It  has  been  found  on  17  other  grass  species  in  Virginia  but  Farr  et 
al.  (1989)  do  not  report  it  on  C.  dactylon.  (NR,  U). 

Dactylis  glomerata  L.  -  orchardgrass 

Basidiomycotina  -  Uredinales: 
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Uromyces  dactylidis  Otth,  II,  III,  causing  leaf  rust,  was  collected  in  grass  testing 
plots  on  Kentland  Farm,  the  V.P.I.  &  S.U.  research  farm,  Montgomery  Co.,  Oct.  4, 
2000  (ROO-7);  it  is  common  in  Virginia. 

Deuteromycotina  -  Hyphomycetes: 

Cercosporidium  graminis  (Fkl.)  Deighton,  causing  leaf  streak  was  identified  on 
two  Plant  Clinic  specimens  in  2003.  One,  designated  PI.  Clinic  266  (R03-1),  was 
collected  by  P.  Sforza  in  Orange  Co.,  Apr.  16,  2003  and  was  identified  by  Mary  A. 
Hansen.  A  specimen  of  cv.  Hallmark  was  collected  by  Agent  B.  Clark  in  Shenandoah 
Co.,  Aug.  25,  2003  (PL  Clinic  03-1000,  R03-32).  This  is  a  common  fungus  on 
orchardgrass. 

Drechslera  thseptata  (Drechs.)  Subr.  &  Jain,  was  found  on  dying  orchardgrass 
from  the  Southern  Piedmont  Research  Station,  Blackstone,  Nottoway  Co.,  Aug.  27, 
1996  (R06-6).  According  to  Luttrell  (1951),  this  ftingus  should  be  in  the  genus 
Bipolaris  because  its  germination  is  from  the  basal  cell.  Spores  measured  27-35  X 
10-11  pm  and  were  uniformly  3-septate.  (NR,  V). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  occurred  on  the  Kentland  Farm 
collection  described  above  {Uromyces)  (ROO-7).  This  is  a  common  fungus  on  grasses 
in  Virginia. 

Stagonospora  arenaria  (Sacc.)  Sacc.  was  collected  at  the  intersection  of  Rt.  613 
and  the  Appalachian  Trail,  Giles  Co.,  June  23,  1996  (R96-2).  It  is  common  on 
orchardgrass  (R  &  R,  1996). 

Dichanthelium  spp.  -  panic  grasses 

1.  Dichanthelium  acuminatum  (Swartz)  Gould  &  Clark  -  southern  panic  grass. 

2.  D.  boscii  (Poir.)  Gould  &  Clark  -  no  common  name. 

3.  D  clandestinum  (L.)  Gould  -  deer  tongue. 

4.  D.  dichotomum  (L.)  Gould  -  forking  panic. 

Dichanthelium  spp.  were  formerly  Panicum  spp.  For  synonomy  of  the  above  spp., 
see  Roane  (1991). 

Ascomycotina: 

Phomatospora  dinemasporium  J.  Webst.  in  its  anamorphic  stage,  Dinemasporium 
strigosum  (Pers.:  Fr:)  Sacc.,  was  collected  on  4  on  the  ridge  of  Brush  Mt.,  1  mi.  west 
of  U.S.  460,  Montgomery  Co.,  June  1 1,  2001.  (ROl-03).  See  E  &  E  (1985,  p.  465) 
and  Sutton  (1980,  p.  458).  (NR  U). 

Deuteromycotina  -  Hyphomycetes: 

Curvularia  lunata  (Wakk.)  Boed.  was  found  on  2  on  Rt.  714,  Little  Meadows  Rd., 
Giles  Co.,  Aug.  24,  2003  (R03-31).  It  is  common  on  Virginia  grasses,  having  been 
reported  on  18  other  species  (R  &  R,  1996,  -97).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Septoria  tandilensis  Speg.  occurred  on  1  and  3  at  3700’  on  Buffalo  Mt.,  road  to 
summit,  Floyd  Co.,  July  15,  2001  (ROl-8).  It  is  common  on  deer  tongue  in  the 
Appalachian  Mts.  of  Virginia. 

Stagonospora  simplicior  Sacc.  &  Briard.,  associated  with  leaf  spots,  occurred  on  2 
at  the  Rt.  714  site  above,  on  Aug.  24, 2003  (R03-3 1).  It  has  been  collected  on  4  other 
grass  species  in  Virginia  (R  &  R,  1996,  1997). 
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Digitaria  ischaemum  (Schreb.)  Schreb.  ex  Muhl.  -  smooth  crabgrass 

Deuteromycotina  -  Hyphomycetes: 

Curvularia  lunata  (Wakk.)  Boed.  occurred  on  a  specimen  sent  to  the  Plant  Clinic 
from  Ruckersville,  Greene  Co.,  on  Sept.  26,  2003,  by  Agent  Bill  Clements.  See 
comments  under  Dichanthelium  (PL  Clinic  03-1111,  R03-37).  (NR,  U). 

The  following  frmgi  were  found  in  the  same  collection  (R03-37): 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  Common  on  many  grasses. 

Coniothyhum  psamnae  Oudem.  occurred  sparingly;  not  sufficiently  for  a  record. 

Phaeoseptoha  urvilleana  (Speg.)  Sprague  like  other  species  of  this  genus  are 
saprophytic.  This  specimen  was  identified  from  Sprague’s  key  (1950,  p.  185).  It  has 
been  found  on  7  other  grass  species  (R  &  R.,  1996,  1997);  see  also  comments  under 
Agrostis,  this  publication.  (NR,  U). 

Echinochloa  crusgalli  (L.)  Beauv.  -  barnyard  grass. 

Deuteromycotina  -  Hyphomycetes: 

Exserohilum  halodes  (Drechs.)  Leonard  &  Suggs  was  collected  1/2  mi.  west  of 
Tom’s  Ck.  bridge,  between  N.  S.  Rwy.  and  fence  for  Kentland  Farm,  Whitethome, 
Montgomery  Co.,  Oct.  12,  2003  (R03-41).  See  comments  about  synonomy  under 
Agrostis,  this  paper.  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  associated  with  sheath  lesions  was 
collected  at  the  Stroubles  Ck.  bridge  on  Coal  Hollow  Rd.,  =  Rt.  705,  Montgomery  Co., 
July  22,  2003  (R03-13).  It  has  been  collected  only  once  before  on  this  host  (R  &  R, 
1997). 

Stagonospora  culmicola  (Sacc.)  Cast.  &  Germ,  was  collected  at  the  Whitethome 
site  (03-41),  Oct.  12,2003.  The  synonomy  of  this  fungus  is  given  by  Farr  etal.  (1989). 
(NR,  U). 


Eleusine  indica  (L.)  Gaertn.  -  goosegrass 
Deuteromycotina  -  Hyphomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils,  was  collected  at  Belspring  at  N.S. 

Rwy.  near  end  of  Depot  St.,  Pulaski  Co.,  Oct.  21, 2001  (01-33).  the  fungus  was  fruiting 
on  all  aerial  plant  parts.  (NR,  V). 

Elymus  spp.  -  wild  rye 

1 .  Elymus  canadensis  L.  -  Canada  wild  rye 

2.  E.  riparius  Wiegand  -  wild  rye 
Ascomycotina: 

Phyllachora  graminis  (Pers:Fr.)  Nitschke  was  on  2  at  the  banks  of  New  R.,  on  Rt. 
625,  just  below  ‘Big  Falls’  or  McCoy  Falls,  Giles  Co.,  Oct.  31,  2003  (R03-45). 

Ascospores  measured  13-18  X  3-5  pm,  longer  than  usual.  Farr  et  al.  (1989)  list  other 
Virginia  Elymus  spp.  as  hosts,  but  E.  riparius  is  not  included;  P.  graminis  was  listed 
on  it byR&R(1997). 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  cynodontis  (Marig.)  Shoem.  occurred  on  2  in  this  collection  from  the  Big 
Falls  (R03-45).  (NR,  U) 

Deuteromycotina  -  Coelomycetes: 
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Phoma  sp.  having  reniform  conidia  measuring  6-8  X  2-3  pm,  was  associated  with 
the  Phyllachora  spots  on  2  above  (R03-45). 

Stagonospora  arenaria  (Sacc.)  Sacc.  occurred  on  leaves  from  the  Big  Falls 
collection  on  2  above  (R03-45).  (NR,  U).  It  was  also  collected  on  1  along  the  banks 
of  New  R.  at  the  mouth  of  Crab  Ck.,  Montgomery  Co.,  Aug.  14,  2002  (R02-1).  (NR, 
V) 

Septoria  elymi  Ell.  &  Ev.  was  mixed  with  S.  arenaria  on  1  in  the  collection  of  R02- 1 
above.  (NR,  V). 


Eragrostis  spp.  -  lovegrass 

1.  Eragrostis  cilianensis  {AW.)  Lutati  -  stinkgrass. 

2.  E.  pectinacea  (Michx.)  Nees.  -  tufted  lovegrass. 

3.  E.  poaeoides  Beauv.  ex  Roem.  &  Schultz  -  little  lovegrass. 

Basidiomycotina  -  Ustilaginales: 

Ustilago  spermophora  Berk.  &  Curtis  ex  De  Toni  in  Sacc.  was  collected  on  2  near 
N.S.  Rwy.  tunnel  at  Eggleston,  Giles  Co.,  Sept.  8, 2001  (ROl-21).  It  was  also  collected 
on  2  at  the  end  of  Depot  St.,  near  the  N.S.  Rwy.,  Belpring,  Pulaski  Co.,  Oct.  21,  2001 
(ROl-31).  (NR,  U).  Collections  reported  previously  were  on  1  (R  &  R,  1997). 

Bipolaris  nodulosa  (Berk.  &  Curtis)  Shoem.  occurred  on  2  at  m.p.  273,  N.S.  Rwy. 
near  W.  River  Rd.,  on  the  construction  road  to  Spring  Hollow  Dam,  Roanoke  Co.,  (Oct. 
8, 2000  (ROO-8).  Spores  measured  47-58  X  16-17  pm,  were  6-septate  with  occasional 
protruding  hilum.  (NR,  U). 

Curvularia  protuberata  R.  R.  Nelson  &  C.  S.  Hodges  occurred  on  2  at  the  N.  S. 
Rwy.  m.p.  273  site  above  (R03-14)  on  July  23, 2003.  Spores  measured  28-35  X  1 1-14 
pm,  were  4-septate  and  had  a  protruding  hilum.  Although  new  for  this  host,  it  has  been 
collected  on  5  other  grasses  (R  &  R,  1996,  1997).  (NR,  U). 

Exserohilum  monoceras  (Drechs.)  Leonard  &  Suggs  sporulating  at  the  nodes  of  1 
was  collected  from  Roane’s  garden,  Blacksburg,  Montgomery  Co.,  Oct.  3,  2003 
(03-38).  Spores  measured  73-78  X  16-20  pm,  were  7-septate  with  protruding  hilum. 
This  fimgus  is  confused  in  the  literature  with  E.  rostratum  but  the  differences  are  clearly 
illustrated  by  Ellis  (1971)  (NR,  U).  It  was  also  collected  on  2  at  the  N.  S.  Rwy.  site 
above,  July  23,  2003  (R03-14).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Ascochyta  sorghi  Sacc.  also  occurred  on  2  at  the  N.S.  Rwy.  m.p.  273  site,  July  23, 
2003  (R03-14).  It  has  been  found  on  37  other  grasses  in  Virginia  (R  &  R,  1996, 1997). 

Collet otrichum  graminicola  (Ces.)  G.  W.  Wils.  also  occurred  on  2  at  m.p.  273 
(03-14).  It  is  the  most  commonly  occurring  fungus  on  grasses  in  Virginia  but  is  not 
listed  by  Farr  et  al.  (1989)  on  2.  (NR,  U). 

Phoma  sorghina  (Sacc.)  Boer.,  Doren.,  and  van  Kest.  {=Phyllosticta  sorghina 
Sacc.)  also  occurred  on  2  at  m.p.  273  July  23,  2003  (R03-14).  Spores  measured  5  X 
2-3  pm.  It  has  been  found  on  18  other  grasses  in  Virginia  (R  &  R,  1996,  1997).  (NR, 
U). 


Festuca  spp.  -  fescue 

1.  Festuca  elatior  L.  -  tall  meadow  fescue. 

2.  F.  obtusa  Biehler  -  nodding  fescue. 

3.  F.  ovina  L.  -  sheep  fescue. 
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Ascomycotina: 

Claviceps  purpurea  (Fr.iFr.)  Tul.  on  1  was  sent  to  the  Plant  Clinic  by  Battlefield 
Equine,  Haymarket,  Fairfax  Co.,  July  1 1,  2003  (PL  Clinic  688,  R03-17).  The  sender 
questioned  whether  this  might  have  caused  incoordination  among  horses  in  early  June. 
The  horse  problem  probably  occurred  before  ergot  pseudosclerotia  could  have  devel¬ 
oped.  In  addition,  the  animals  would  prefer  grazing  lower  blades  over  mature  culms 
and  inflorescenses.  It  was  suspected  but  not  proven  that  Acremonium  coenophialum 
Morgan-Jones  &  Gams  caused  the  horse  problem.  See  also  comments  under  Agropy- 
ron  repens,  this  report. 

Phaeosphaeria  herpotrichoides  (De  Not.)  L.  Holm  was  collected  on  spikelets  of  3 
on  Rt.  708  beside  Walker  Ck.  near  Rt.  622  bridge,  Giles  Co.,  July  23, 2001  (ROl-12). 
This  fungus  is  reported  on  other  Festuca  spp.  from  the  far  west  but  not  on  F.  ovina 
(FarretaL,  1989).  (NR,  U). 

P.  nigrans  (Rob.  ex  Desm.)  L.  Holm  was  found  on  spikelets  of  1  in  the  Battlefield 
Equine  collection  cited  above  (R03-17).  The  two  Phaeosphaeria  spp.  reported  here 
can  be  distinguished  using  keys  to  Leptosphaeria  spp.  by  Ellis  &  Ellis  (1985)  and  to 
Phaeosphaeria  in  the  monograph  by  S  &  B  (1989). 

Deuteromycotina  -  Hyphomycetes: 

Fusarium  moniliforme  Sheld.  was  present  on  spikelets  of  1  in  the  Battlefield  Equine 

collection  (R03-17).  It  is  reported  as  a  root  rotting  fungus  on  1  in  Washington  by  Farr 
et  al.  (1989)  who  cite  Sprague  (1950)  as  a  source.  See  notes  under  Claviceps  above. 
(NR,  V). 

Deuteromycotina  -  Coelomycetes: 

Ascochyta  sorghi  Sacc.  occurred  in  spikelets  of  1  in  the  Battlefield  Equine  collec¬ 
tion  cited  above  (R03-17). 

Collet otrichum  graminicola  (Ces.)  G.  W.  Wils.  was  collected  on  3  at  the  Walker 
Ck.  site  (ROl-12). 

Stagonospora  arenaria  (Sacc.)  Sacc.  was  collected  on  2  along  the  Chestnut  Ridge 
Trail  above  the  Virgin  Timber  off  Rt.  613,  Giles  Co.,  July  30,  2003  (R03-8).  It  was 
associated  with  leaf  spots.  Conidia  measured  41-45  X  4  pm,  were  3-5-septate,  mostly 
4-septate.  (NR,  U). 

Glyceria  striata  (Lam.)  Hitchc.  -  fowl  mannagrass 
Deuteromycotina  -  Coelomycetes: 

Stagonospora  tridentis  R.  Sprague  &  C.  T.  Rogerson  was  collected  near  Buck  Dam 

on  New  R.  Trail,  Carroll  Co.,  June  1 , 2003.  This  fungus  is  very  similar  to  S.  smolandica 
Eliasson  as  described  and  illustrated  by  Makela  (1977).  It  has  been  found  previously 

only  on  Tridens  flavus  (R  &  R,  1997).  (NR,  U). 

Holcus  lanatus  L.  -  velvet  grass 
Basidiomycotina  -  Uredinales: 

Puccinia  coronata  Cda.,  II,  III,  occurred  on  H.  lanatus  at  the  communication  towers 
on  Butt  Mt.,  Giles  Co.,  Aug.  27,  2003  (R03-34). 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  sorokiniana  (Sacc.)  Shoem.  was  also  collected  at  the  Butt  Mt.  site  above 

(R03-34).  FarretaL  (1989)  do  not  list as  a  host  of  this  fungus.  (NR,  U). 
Deuteromycotina  -  Coelomycetes: 
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Colletotrichum  gmminicola  (Ces.)  G.  W.  Wilson  occurred  on  most  blades  and 
sheaths  of  Holcus  collected  at  the  Butt  Mt.  site  (R03-34).  Apparently,  velvet  grass  is 
a  common  host  of  this  fungus  (R  &  R,  1997). 

Leersia  virginica  Willd.  -  whitegrass 

Ascomycotina: 

Phaeosphaeria  eustoma  Fkl.  was  collected  below  Gatewood  Dam,  Pulaski  Co., 
Aug.  17,  2003  (R03-26)  and  above  Toms  Ck.  bridge  on  Rt.  725,  Poverty  Ck.  Rd., 
Montgomery  Co.,  Sept.  26,  2003.  Spores  measured  13-16X5-6  pm,  were  3-septate, 
widest  at  the  penultimate  cell,  frequently  constricted  at  the  second  septum  and  had  a 
large  vacuole  in  each  cell  Since  the  length,  constriction,  and  vacuoles  did  not  match 
the  published  morphology  (S  &  B,  1989)  of  other  graminicolous  Phaeosphaeria  spp., 
I  sought  expert  help  from  Amy  Y.  Rossman  and  Margaret  E.  Barr  who  concurred  on 
P.  eustoma  (personal  correspondence).  It  is  noteworthy  that  the  early  names  were 
Leptosphaeria  leersiana  Sacc.  and  L.  leersiae  Passerini  but  Leersia  is  not  listed  as  a 
host  in  U.S.  or  Canada  (S  &  B,  1989).  (NR,  U). 

Deuteromycotina  -  Hyphomycetes: 

Bipolar  is  leersia  (Atk.)  Shoem.  associated  with  leaf  spots,  was  also  present  in  the 
collection  above  (R03-26). 

Lolium  multiflorum  Lam.  -  Italian  ryegrass 

Deuteromycotina  -  Hyphomycetes: 

Drechslera  siccans  (Drechs.)  Shoem,  occurred  on  a  specimen  that  was  sent  to  the 
Plant  Clinic  (PL  Cl.  03-515,  R03-7)  for  plant  identification.  The  fungus  causes  a  leaf 
spot  and  is  widespread  on  Lolium  spp.  in  Virginia. 

Microstegium  vimineum  (Trin.)  Comus  -  Japanese  stiltgrass 

Deuteromycotina  -  Hyphomycetes: 

Bipolar  is  cynodontis  (Marig.)  Shoem.  with  spores  measuring  36-58  X  10-11  pm, 
5-8-septa,  was  collected  on  frosted  leaves  along  Rt.  625  just  below  the  Big  Falls  of 
New  R.,  Giles  Co.,  Oct.  31,2003,  (R03 -46).  This  host  is  not  listed  by  Farr  etal.  (1989) 
but  it  is  common  in  the  Alleghany  Highlands  of  Virginia.  (NR,  U). 

Bipolaris  sorokinianum  (Sacc.)  Shoem.  with  spores  measuring  41-50  X  14-15  pm, 
5-8-septa  was  collected  near  the  N.S.  Rwy.  tunnel  at  Eggleston,  Giles  Co.,  Sept.  8, 
2001  (ROl-24).  (NR,  U). 

Curvularia  lunata  (Wakk.)  Boed.  also  occurred  on  the  collection  above  (ROl-24). 
Spores  were  3-septate,  measuring  25-32  X  10-13  pm.  (NR,  U). 

Miscanthus  sinensis  Anderss.  -  Eulalia 

Ascomycotina: 

Paraphaeosphaeria  michotii  (Westendorp)  Eriksson  with  brown,  2-septate  asco- 
spores  measuring  16-20  X  5-6  pm  occurred  in  leaf  spots  and  wilted  leaf  tips  on  var. 
variegatus  cv.  Morning  Light  from  Saunders  Nursery,  Piney  R.,  Nelson  Co.,  July  31, 
200 1  (0 1  - 1 5).  This  fungus  is  illustrated  by  E  &  E  ( 1 985)  and  described  by  S  &  B  ( 1 989, 
p.  1592).  (NR,  U). 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  cynodontis  (Marig.)  Shoem.  fruited  on  a  single  senescent  leaf  tip  collected 
at  Riverbend  Nursery,  Floyd  Co.,  July  12,  200J  (ROl-06).  (NR,  U). 
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Curvularia  lunata  (Wakk.)  Boed.  occurred  on  wilted  leaf  tips  of  the  Saunders 
Nursery  collection  above  (ROl-15).  Spores  were  3-septate,  measuring  18-32  X  8-16 
pm.  (NR,U). 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  was  present  in  several  collections. 
The  var.  zebhnus  is  very  susceptible  in  the  yellow  leaf  bands.  A  collection  was 
obtained  in  the  yard  at  605  Lucas  Dr.,  Blacksburg,  Montgomery  Co.,  Nov.  22,  2003 
(R03-50);  three  collections  of  var.  zebrinus  came  from  potted  plants,  Riverbend 
Nursery,  Floyd  Co.,  July  12,  2001  (ROl-07);  Meadowbrook  Nursery,  Prices  Fork, 
Montgomery  Co.,  July  12, 2003  (R03-1 1);  Saunders  Nursery,  Piney  River,  Nelson  Co., 
July  31,  2001  (ROl-16).  Farr  et  al.  (1989),  do  not  list  Miscanthus;  thus,  all  fungi  are 
new.  (NR,  U). 

Muhlenbergia  spp.  -  muhly  grass 

1.  Muhlenbergia  mexicana  (L.)  Trin.  -  wirestem  muhly. 

2.  M.  schreberi  Gmelin  -  nimblewill. 

3.  M.  sylvatica  (Torr.)  Torr.  -  woodland  muhly. 

4.  M.  tenuiflora  (Willd.)  B.S.P.  -  slender- flowered  muhly. 

Ascomycotina: 

Phyllachora  vulgata  Theiss.  &  Syd.,  causing  tar  spot  was  collected  on  2  at 
Kentland  Farm,  the  VPI  &  SU  research  farm,  Whitethome,  Montgomery  Co.,  Sept.  26, 
2001  (ROl-25),  and  on  4  below  Gatewood  Dam,  Pulaski  Co.,  Aug.  17, 2003  (R03-25). 

Basidiomycotina  -  Uredinales: 

Puccinia  schedonnardi  Kell.  &  Swing.,  II,  was  collected  on  1  between  Rt.  625  and 
the  N.S.  Rwy.  below  the  Big  Falls  of  New  R.,  Giles  Co.,  Oct.  31,  2003  (R03-43). 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  cynodontis  (Marig.)  Shoem.,  causing  leaf  blotch,  was  collected  at  four 
sites  and  on  three  species:  On  1  between  Rt.  625  and  New  R.  below  the  big  Falls,  Giles 
Co.,  Oct.  31,  2003  (R03-43)  and  in  the  Blacksburg  Town  Park  behind  607  Lucas  Dr., 
Montgomery  Co.,  Nov.  12,  2003  (R03-47);  on  2  at  Kentland  Farm,  Whitethome, 
Montgomery  Co.,  opposite  the  entrance  gate.  Sept.  26,  2001  (ROl-25);  on  3  on  the 
ridge  road  of  Bmsh  Mt.  about  1  mi.  west  of  U.  S.  460,  Montgomery  Co.,  Oct.  10, 2001 
(ROl-29). 

Fusarium  avenaceum  (Fr.:Fr.)  Sacc.  occurred  on  2  in  the  Kentland  Farm  collection 
cited  above  (ROl-25).  (NR,  EU). 

Deuteromycotina  -  Coelomycetes: 

Ascochyta  graminea  (Sacc.)  Sprague  &  Johnson  occurred  on  1  in  the  Town  Park 
collection  cited  above  (R03-47).  The  1 -septate  spores  measured  10-15  X  4-5  pm,  were 
sometimes  constricted  at  the  septum.  The  ftingus  fits  well  with  the  description  and 
illustration  by  Sprague  (1950).  (NR,  U). 

Panicum  spp. 

1.  Panicum  capillare  L.  -  witchgrass. 

2.  P.  philadelphicum  Bemh.  ex  Trinius  -  no  common  name. 

3.  P.  virgatum  L.  -  switchgrass. 

Ascomycotina: 

Phaeosphaeria  culmorum  (Auersw.)  Leucht.  occurred  on  2  at  Rt.  725,  Poverty 
Ck.,  Rd.  near  bridge  over  Toms  Ck.,  Montgomery  Co.,  Sept.  26,  2003  (R03-36). 
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Ascospores  were  22  X  6  pm,  3 -septate;  the  fungus  was  identified  from  the  description 
byS&B(1989).  (NR,  U). 

P.  tritici  (Garov.)  Hedjar.  occurred  on  3  at  Riverbend  Nursery,  Floyd  Co.,  Aug.  i  1, 
2003  (PI.  Clinic  03-900,  R03-22).  Ascospores  measured  19  X  4-5  pm,  were  3-septate; 
the  fimgus  was  identified  from  description  by  S  &  B  (1989).  Ascospores  of  P. 
culmorum  are  stouter  than  those  of  P.  tritici.  (NR,  U). 

Basidiomycotina  -  Uredinales: 

Puccinia  emaculata  Schwein.,  II,  III  on  3  was  submitted  to  the. Plant  Clinic  (P.  C. 
98-1861,  R98-1)  Oct.  20,  1998  by  the  Warren  Co.  Agricultural  Agent,  C.  C.  Childs, 
who  claimed  it  was  causing  serious  damage  to  sheaths  and  blades.  The  fungus  was 
present  in  forage  grass  test  plots  on  Kentland  Farm,  Montgomery  Co.,  Oct.  4,  2000 
(ROO-4).  (NR,V). 

Deuteromycotina  -  Hyphomycetes: 

Bipolar  is  sorokiniana  (Sacc.)  Shoem.  associated  with  leaf  spots  on  3  was  sent  to 
the  Plant  Clinic  Aug.  11,  2003  (PI.  Cl.  03-900,  R03-22),  from  Riverbend  Nursery, 
Floyd  Co. 

Pyricularia  grisea  (Cooke)  Sacc.  occurred  on  1  near  the  Forage  Grass  Test  plots, 
Kentland  Farm,  Montgomery  Co.,  Oct.  4,  2000  (ROO-9).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils,  occurred  on  potted  plants  of  3  at 
Riverbend  Nursery,  Floyd  Co.,  July  12, 2001  (ROl-5)  and  on  plants  in  the  Forage  Grass 
Test  plots  at  Kentland  Farm,  Montgomery  Co.,  Oct.  4,  2000  (ROO-4). 

Phoma  sorghina  (Sacc.)  Boer.,  Doren.,  &  van  Kest.  on  3  was  sent  to  the  Plant  Clinic 
from  Riverbend  Nursery,  Floyd  Co.,  Aug.  1 1,  2003  (PI.  Cl.  03-900,  R03-22). 

Phalaris  arundinacea  L.  -  reed  canary  grass 

Ascomycotina: 

Claviceps purpurea  (Fr.:Fr.)  Tul.,  ergot,  was  collected  on  plants  between  Stroubles 
Ck.  and  road  to  fraternity  housing,  VPI  &  SU  campus,  Montgomery  Co.,  Aug.  1 1 , 200 1 
(RO 1  -20).  Although  Farr  et  al.  ( 1 989)  report  ergot  in  Eastern  States,  they  did  not  report 
it  from  Virginia  (NR,  V). 

Deuteromycotina  -  Coelomycetes: 

Stagonospora  foliicola  (Bres.)  Bubak,  causing  tawny  leaf  spot,  was  collected  along 
New  R.  1/2  mi.  above  the  mouth  of  Stroubles  Ck.,  Montgomery  Co.,  July  10,  1996 
(R96-5).  This  is  a  common  fungus  on  this  host  in  the  New  R.  valley. 

Phleum  pratense  L.  -  timothy 

Deuteromycotina  -  Hyphomycetes: 

Cladosporium  phlei  (C.  T.  Gregory)  G.  A.  De  Vries,  associated  with  purple 
eyespots,  was  present  on  samples  sent  to  the  Plant  Clinic  by  Scott  Baker,  Animal 
Science  Agent,  Bedford  Co.,  Apr.  24, 1999  (PL  Cl.  99-383,  ROO-12).  C.  phiei  was  also 
present  in  a  collection  from  Rt.  725,  Poverty  Ck.  Rd.,  Montgomery  Co.,  Aug.  10, 2003, 
(R03-21). 

Drechslera  phlei  (J.  H.  Graham)  Shoem.,  a  cause  of  leaf  streak,  was  also  present 
in  the  Bedford  sample  (ROO-12)  and  in  the  collection  along  Rt.  725,  near  Toms  Ck. 
Bridge,  Montgomery  Co.,  Aug.  10,  2003  (R03-21).  The  fimgus  was  also  on  a  sample 
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sent  to  the  Plant  Clinic  by  Agent  Bobby  Clark,  Shenandoah  Co.,  July  30, 2003  (PL  Cl. 
03-849,  R03-20) 

D.  triseptata  (Drechs.)  Subr.  &  Jain  (syn.,  D.  dictyoides  (Drechs.)  Shoem.),  a  cause 
of  leaf  spot,  was  also  present  in  the  Bedford  sample  (ROO-12).  See  Drechsler  (1923) 
for  distinction  between  the  above  two  species  under  Helminthosporium  dictyoides  and 
H.  triseptata. 


Poa  annua  L.  -  annual  bluegrass 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  sorokiniana  (Sacc.)  Shoem.  was  colonizing  senescent  stems  in  the  lawn 
in  front  of  Hillcrest,  VPI  &  SU  campus,  Montgomery  Co.,  May  16, 2003  (R03-3).  B. 
sorokiniana  can  cause  leaf  spots  on  P.  annua  in  western  USA  but  in  this  collection  was 
saprophytic.  (NR,  EU). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  colonized  senescent  culms  of  the 
Hillcrest  collection  (R03-3).  (NR,  V). 

Setaria  faberi  Herrm.  -  giant  foxtail 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  setariae  (Sawada)  Shoem.,  causing  leaf  spot,  occurred  near  the  N.S.  Rwy. 
tunnel,  Eggleston,  Giles  Co.,  Sept.  8,  2001  (ROl-23). 

Curvularia  lunata  (Wakk.)  Boed.,  was  present  on  leaves  of  the  collection  above 
(ROl-23). 

Pyricularia  grisea  (Cooke)  Sacc.,  causing  blast,  was  also  present  on  leaves  of  the 
Eggleston  collection  (ROl-23). 

Sorghastrum  nutans  (L.)  Nash  -  Indian  grass 

Deuteromycotina  -  Coelomycetes: 

Stagonospora  simplicior  Sacc.  &  Briand,  causing  leaf  spot,  occurred  on  the  Brush 
Mt.  ridge  road,  W.  of  U.S.  460,  opposite  the  transmission  tower,  Montgomery  Co., 
Oct.  20,  200 l.(R0 1-28). 

Sorghum  halepense  (L.)  Pers.  -  johnsongrass 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils,  causing  leaf  spots,  i.  e.,  anthrac- 
nose,  was  collected  near  the  N.S.  Rwy.  tunnel,  Eggleston,  Giles  Co.,  July  23,  2001. 
(ROl-11) 


Sphenopholis  nitida  (Biehler)  Lams.-Scribn.  -  no  common  name 
Deuteromycotina  -  Coelomycetes: 

Stagonospora  avenae  (Frank)  Bisset,  associated  with  leaf  spots,  was  collected  at 
the  overlook  for  Spring  Hollow  dam,  Roanoke  Co.,  July  10,  2001  (ROl-1).  Spores 
measured  37-38  X  2.5-3.0  pm,  were  3-septate.  (NR,  U). 

Sporobolus  vaginiflorus  (Torr.)  A.  Wood  ex  A.  Gray  -  poverty  dropseed 
Ascomycotina: 

Trichothyrina  nigroannulata  (Webster)  P.  Ellis  was  collected  at  the  back  of  the 
N.S.  Rwy.  yard  in  Radford,  Montgomery  Co.,  Oct.  20,  2000  (ROO-13).  This  fungus 
was  identified  from  the  description  and  illustrations  by  E  &  E  (1985,  p.  467,  fig.  1790) 
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and  from  the  description  and  illustrations  under  the  synonym  Microthyrium  nigroan- 
nulatum  Webster  by  Dennis  (1 978,  p.  48 1 ,  pi.  XL).  It  is  not  listed  by  Farr  et  al.  (1989). 
(NR,  U). 

Deuteromycotina  -  Hyphomycetes: 

Bipolaris  sorokinianum  (Sacc.)  Shoem.  was  collected  along  the  construction  road 
for  Spring  Hollow  Dam  atN.S.  Rwy.  m.p.  273,  Roanoke  Co.,  on  Sept.  24, 2000  (ROO-6) 
and  at  the  same  site  on  Oct.  8, 2000  (ROO-10).  (NR,  U). 

Curvularia  protuberata  Nelson  &  Hodges,  developed  on  incubated  leaves  from 
both  collections  cited  above  (ROO-6,  -10).  Spores  measured  29-56  X  10-14  pm,  with 
4  septa.  Ellis  (1971)  gives  the  spore  dimensions  as  27-35  X 1 0- 14  pm  for  C  protuberata 
and  45-66  XI 8-28  pm  for  C.  andropogonis  (Zimm.)  Boed.  By  length,  the  collection 
fits  better  into  the  latter;  by  width,  it  fits  better  into  the  former.  From  illustrations  by 
Ellis  it  fits  best  into  the  former.  In  either  case,  it  is  a  NR,  U. 

Exserohilum  halodes  (Drechs.)  Leon.  &  Suggs,  characterized  by  thick  septa  at  both 
ends,  was  collected  along  the  roadway  between  N.S.  Rwy.  and  Kentland  Farm,  1/2  mi. 
W.  of  Whitethome,  Montgomery  Co.,  Oct.  12,  2003  (R03-40).  It  was  also  collected 
at  the  N.S.  Rwy.  yard  in  Radford,  Oct.  20,  2000  (ROO-13).  Spores  measured  65-105 
X  16-19  pm,  were  7-8-septate  and  are  illustrated  by  Ellis  (1971,  fig.  279).  (NR,  U). 

Nigrospora  sphaerica  (Sacc.)  Mason  emerged  from  incubated  leaves  collected  at 
the  Spring  Hollow  road  cited  above  (ROO-6).  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  G.  W.  Wils.  was  present  on  three  collections: 
At  the  Spring  Hollow  Dam  construction  road  near  N.S.  Rwy.  m.p.  273  (ROO-6)  and 
(ROO-10),  and  at  the  N.S.  Rwy.  yard  in  Radford  (ROO-13).  (NR,  U). 

Stenotaphrum  secundatum  (Walter)  Kuntze  -  St.  Augustine  grass 

Deuteromycotina  -  Hyphomycetes: 

Pyricularia  grisea  (Cooke)  Sacc.,  the  cause  of  gray  leaf  spot,  was  sent  to  the  Plant 
Clinic  from  Smithfield,  Isle  of  Wight  Co.,  July  3,  2001  (PI.  Cl.  01-894,  R02-3).  (NR, 
V). 

Tridens  flavus  (L.)  Hitchcock  -  purple  top 

Basidiomycotina  -  Uredinales: 

Puccinia  winds oriae  Schwein.,  II,  III,  rust,  was  sent  to  the  Plant  Clinic  from 
Cumberland  Co.,  Sept.  22,  2002  (PL  Cl.  02-1378,  R02-3). 

Tripsacum  dactyloides  (L.)  L.  -  gamagrass 

A  single  colony  is  known  in  Montgomery  Co.  between  Rt.  603  and  the  N.S.  Rwy. 
about  1/2  mi.  south  of  the  Ironto  exit  on  -81.  This  colony  has  been  visited  annually 
since  its  discovery  in  1991. 

Deuteromycotina  -  Hyphomycetes: 

Aureobasidium  zeae  (Narita  &  Hiritsuke)  Dingley  associated  with  small  reddish 
brown  leaf  lesions,  have  falcate,  1 -celled  spores  measuring  22-28  X  3. 0-3. 5  pm,  was 
collected  Oct.  7, 2001  (ROl-27).  (NR,  U). 

Rhynchosporina  trident  is  Sprague  &  C.  T.  Rogerson,  associated  with  eyespot  leaf 
lesions,  was  collected  on  Sept.  24, 2000  (ROO-1),^  This  fungus  is  similar  to  zeae  and, 
in  fact,  these  may  be  the  same  fungus.  Spores  are  also  falcate,  measuring  15-19  X  2.5 


154 


VIRGINIA  JOURNAL  OF  SCIENCE 


|im;  thus,  are  smaller  than  those  of  A.  zeae,  above  but  slightly  larger  than  those  of  R. 
tridentis  given  by  Sprague  and  Rogerson  (1958).  It  is  common  on  Tridens  flavus  in 
fields  surrounding  this  site.  (NR,  U). 

Fusarium  avenaceum  (Fr.:Fr.)  Sacc.,  first  collected  in  1994  (R  &  R,  1997)  at  this 
site,  was  collected  again  on  Sept.  24, 2000  (ROO-1)  and  on  Oct.  7, 2001  (ROl-27). 

Deuteromycotina  -  Coelomycetes: 

Colletotrichum  graminicola  (Ces.)  Wils.  is  persistent  at  the  Montgomery  Co.  site, 
having  first  been  collected  in  1991.  It  was  collected  again  in  Sept.  24,  2000  (ROO-1). 


Triticum  aestivum  L.  -  wheat 

Ascomycotina: 

Gaeumannomyces  graminis  (Sacc.)  Arx  &  D.  Olivier,  the  cause  of  take-all,  was 
sent  to  the  Plant  Clinic  by  Essex  Co.  Agent,  Mar.  24,  1995  (PI.  Cl.  95  -  198,  R95-4). 
This  fungus  occurs  sporadically  on  wheat  and  other  grasses  throughout  Virginia. 

Basidiomycotina  -  Uredinales: 

Puccinia  striiformis  West.,  II.,  causing  stripe  rust,  appeared  on  wheat  in  the  State 
Wheat  Test  and  in  the  Advanced  Wheat  Test  at  Kentland  Farm,  Montgomery  Co.,  and 
was  collected  June  15, 2000  (ROO-5)  by  wheat  breeder  Carl  Griffey.  Specimens  were 
sent  to  the  USDA  Cereal  Disease  Laboratory  at  Washington  State  University,  Pullman, 
WA  for  identification  as  to  race.  This  is  the  first  time  stripe  rust  is  known  to  spread 
into  Virginia.  Its  normal  distribution  includes  Pacific  Coast  states,  Texas,  Idaho,  and 
Montana.  A  full  account  was  published  by  Chen  et  al.  (2002).  Stripe  rust  was  found 
again  at  Kentland  Farm  in  2001,  at  Raphine,  Augusta  Co.,  in  2002,  and  at  Painter, 
Accomack  Co.,  Warsaw,  Richmond  Co.,  and  at  Kentland  Farm  in  2003,  all  in  wheat 
test  plots.  Classifications  as  to  race  were  PST-80  in  2000  and  2001;  PST-77-78-80, 
and  -98  in  2002;  and  PST-98  and  -100.  Because  of  the  late-season  appearance,  it  is 
believed  that  spores  were  blown  in  each  year  from  the  central  Mississippi  Valley 
(personal  communication  from  C.  Griffey).  (NR,  V). 

Deuteromycotina  -  Hyphomycetes: 

Drechslera  tritici-repentis  (Died.)  Shoem.  was  collected  on  the  cv.  Sisson  at  the  D. 
E.  Brann  Farm,  Christiansburg,  Montgomery  Co.,  May  19, 2003  (R03-2).  This  fungus 
is  listed  under  its  teleomorph,  Pyrenophora  tritici  -  repentis  by  Farr  et  al.  (1989)  and 
was  previously  reported  as  such  on  wheat  and  rye  (R  &  R,  1994). 

Deuteromycotina  -  Coelomycetes: 

Ascochyta  brachypodii  (Syd.)  Sprague  and  Johnson  occurred  in  the  take-all 
specimen  cited  above  (R95-4).  Identity  was  based  upon  the  key,  description  and 
illustrations  by  Sprague  (1950).  It  has  a  wide  host  range,  and  was  reported  previously 
from  Virginia  on  oats  and  barley  (R  &  R,  1994).  (NR,  U). 

Zea  mays  L.  -•  maize,  com 

Basidiomycotina  -  Uredinales: 

Puccinia  polys  ora  Underw.,  the  cause  of  southern  com  mst,  was  sent  to  the  Plant 
Clinic  by  Agent  W.  Lawrence  of  Chesapeake,  Aug.  23, 2003  (PI.  CL  03-961,  R03-30). 
While  generally  confined  to  southern  states,  it  is  occasionally  observed  in  Virginia.  (R 
&  R,  1994). 

Deuteromycotina  -  Hyphomycetes: 
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Bipolaris  maydis  (Nisik.  &  Miyake)  Shoem.,  the  cause  of  southern  leaf  blight,  was 
present  on  leaves  sent  to  the  Plant  Clinic  Aug.  12, 2003  (PL  CL  03-915,  R03-23),  from 
Cohoke  Farms,  Essex  Co.  A  more  comprehensive  discussion  of  this  fimgus  was  given 
by  (R  &  R,  1994)  under  its  teleomorph,  Cochliobolus  heterostrophus  (Drechs.)  Drecdis. 

Exserohilum  turcicum  (Pass.)  Leon.  &  Suggs,  the  cause  of  northern  leaf  blight, 
occurred  in  Roane's  garden,  Blacksburg,  Montgomery  Co.  Aug.  26,  1995  (R95-32). 
Formerly  very  common  on  com  in  the  New  R.  Valley,  it  is  controlled  by  resistant 
hybrids. 

Zoysia  japonica  Steud.  “  Japanese  lawngrass 

Basidiomycotina  -  Uredinales : 

Puccinia  zoysiae  Diet.,  causing  mst,  occurred  on  two  specimens  sent  to  the  Plant 
Clinic  in  2003.  One  was  sent  in  by  S.  Buckner  from  Louisa  C.  H.,  June  30, 2003  (PL 
CL  03-44,  R03-10);  the  second  was  sent  by  Agent  Leanne  DuBois,  James  City  Co., 
Nov.  9,  2003,  (PL  CL  03-1200,  R03-49).  Zoysia  mst  has  been  submitted  to  the  Plant 
Clinic  several  times  before. 

(NR,  V). 

Deuteromycotina  -  Hyphomycetes: 

Curvularia  affinis  Boed.  appeared  on  incubated  leaves  of  collection  R03-10  above. 
It  was  identified  from  the  key  and  illustrations  by  Ellis  (1971).  Spores  were  4-6-septate 
(mostly  4  -),  34-43  X  1 1-12  pm  which  is  larger  than  given  by  Ellis  (27-39  X  8-13).  It 
is  listed  only  on  water  hyacinth  by  Farr  et  al.  (1989), 

C  lunata  (Wakk.)  Boed.  appeared  on  incubated  leaves  of  collection  R03-49  above. 
The  3 -septate  spores  measured  1 7-22  X  7-9  pm  and  are  illustrated  by  Ellis  (1971).  This 
fimgus  is  fairly  common  in  V irginia  but  is  not  reported  on  this  host  by  Farr  et  al.  ( 1 989). 
(NR,  V). 

Myrothecium  verrucaria  (Albert.  &  Schwein.)  Ditmar  :  Fr.  produced  navicular  to 
oval,  yellow  brown  conidia  measuring  7-10  X  3  pm  on  sessile  sporodochia  when 
incubated  in  moisture  for  2-4  days  (Ellis,  1 97 1 ,  p.  1 1 5):  This  fungus  appeared  on  leaves 
of  collection  R03-49  above.  (NR,  U). 

Deuteromycotina  -  Coelomycetes: 

Pyrenochaeta  fallax  Bres.,  having  oblong  conidia  measuring  5-6  X  1.0- 1.5  pm, 
produced  proftisely  in  long  tendrils,  occurred  on  incubated  leaves  of  collection  R03-49 
above.  (NR,  U). 

Sphaerellopsis  filum  (Biv.  -  Bern,  ex  Fr.)  Sutton,  is  a  parasite  of  mst  frmgi  in 
general,  in  this  case  on  Puccinia  zoysiae  in  both  collections  above  (R03-10,  -49).  (NR, 
V). 

Stagonospora  montagnei  Cast.  &  Germ.,  synonym  S.  graminella  (Sacc.)  Sacc., 
appeared  on  incubated  leaves  of  collection  R03-10  above.  It  was  keyed  to  S. 
graminella  in  Sprague  (1950).  No  Stagonospora  spp.  are  reported  on  Zoysia  by  Farr 
etal.  (1989).  (NR,  U). 


DISCUSSION 

In  this  report,  59  new  grass-fungus  associations  are  listed  for  the  United  States  (NR, 
U),  2  for  eastern  United  States  (NR,  EU),  and  21  for  Virginia  (NR,  V).  A  new  record 
is  claimed  if  the  association  is  not  listed  by  Farr  et  al.  (1989)  and  Farr  et  al.  (No  date). 
Obviously,  there  might  be  some  fallacy  in  this  approach  because  some  overlooked 
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reports  may  exist.  In  that  case,  I  apologize  to  overlooked  authors.  Nevertheless,  there 
is  not  much  activity  in  grass-fungus  research  except  for  turf  and  forage  species  and 
most  associations  among  these  have  already  been  reported.  Since  many  collections 
reported  here  were  made  in  out-of-the-way  places,  it  is  no  surprise  that  many  new 
associations  were  found  and  since  most  collections  reported  here  came  only  from 
Montgomery  and  surrounding  counties,  many  more  new  associations  await  discovery. 

These  reports  represent  a  contribution  to  the  natural  history  of  Virginia.  Most 
collections  have  been  sent  to  the  National  Fungus  Collections,  U.S.  Dept,  of  Agricul¬ 
ture,  Beltsville,  Md.,  where  they  await  cataloguing.  Sometimes,  a  collection  was  so 
minimal,  no  material  was  preserved. 

Finally,  the  study  of  fungi  on  Virginia  grasses  remains  a  fertile  field  for  research 
for  trained  mycologists.  Coastal  Plain  and  Piedmont  counties  are  poorly  represented 
in  these  reports.  Many  grass  hosts  state-wide  have  not  been  examined. 

ACKNOWLEDGMENTS 

I  appreciate  the  support  and  encouragement  given  me  by  three  Department  Heads, 
Drs.  L.  D.  Moore,  K.  K.  Hatzios,  and  C.  L.  Nessler.  Each  has  allowed  me  extensive 
use  of  departmental  facilities.  Mr.  T.  F.  Wieboldt  of  the  Massey  Herbarium  has 
provided  taxonomic  expertise  for  several  grasses  and  Mrs.  Deborah  Allen  has  expertly 
prepared  the  manuscript.  Dr.  A.B.A.M.  Baudoin  aided  me  in  the  fungal  database 
search. 

I  would  like  to  dedicate  this  publication  to  my  deceased  wife,  Martha  K.  Roane, 
who  had  she  lived  would  have  continued  working  with  me  in  this  project. 

LITERATURE  CITED 

Chen,  X.,  M.  Moore,  E.  A.  Milus,  D.  L.  Long,  R.  F.  Line,  D.  Marshall,  and  L.  Jackson. 
2002.  Wheat  stripe  rust  epidemics  and  races  of  Puccinia  striiformis  f  sp.  tritici  in 
the  United  States  in  2000.  Plant  Dis.  86:39-46. 

Dennis,  R.  W.  G.  1978.  British  Ascomycetes.  J.  Cramer.  Vaduz,  Germany  585  pp. 
Drechsler,  C.  1923.  Some  graminicolous  species  of  Helminthosporium:  1.  J.  Agric. 
Res.  24:641-739,  33  pi. 

Ellis,  M.  B.  1971.  Dematiaceous  Hyphomycetes.  Commonwealth  Inst.  Mycology, 
Kew,  England.  608  pp. 

Ellis,  M.  B.,  and  J.  P.  Ellis.  1985.  Microfungi  on  Land  Plants:  An  Identification 
Handbook.  Macmillan  Pub.  Co.,  New  York.  818  pp. 

Farr,  D.  F.,  G.  F.  Bills,  G.  P.  Chamuris,  and  A.  Y.  Rossman.  1989.  Fungi  on  Plants 
and  Plant  Products  in  the  United  States.  Amer.  Phytopathol.  Society  Press,  St.  Paul, 
Minnesota.  1252  pp. 

Farr,  D.  F.,  A.  Y.  Rossman,  M.  E.  Palm,  and  E.  B.  McCray.  No  date.  Fungal  Database. 
Systemic  Botany  and  Mycology  Lab.  ARS,  USDA.  Retrieved  Jan.  6,  2005  from 
http://nt.ars-grin.gov/fungaldatabase/. 

Femald,  M.  L.  1950.  Gray’s  Manual  of  Botany.  8^^  ed.  Dioscorides  Press,  Portland, 
Oregon.  1632  pp. 

Harvill,  A.  M.,  Jr.,  T.  R.  Bradley,  C.  E.  Stevens,  T.  F.  Wieboldt,  D.  M.  E.  Ware,  D.  W. 
Ogle,  G.  W.  Ramsey,  and  G.  P.  Fleming.  1992.  Atlas  of  Virginia  Flora.  III.  Va. 
Bot.  Associates.  Burkeville,  Va.  144  pp. 


GRAMINICOLOUS  FUNGI  OF  VIRGINIA 


157 


Hitchcock,  A.  S.,  and  Agnes  Chase.  1950.  Manual  of  Grasses  of  the  United  States. 

2”^  ed.  U.S.  Dept,  of  Agriculture  Misc.  Publ.  200.  Washington,  D.C.  1051  pp. 
Luttrell,  E.  S.  1951.  A  key  to  species  of  Helminthosporium  reported  on  grasses  in  the 
United  States.  Plant  Dis.  Rep.  Supp.  201:59  -67. 

Makela,  K.  1977.  Septoria  and  Selenophoma  species  on  Gramineae  in  Finland.  Annal. 
Agric.  Fennise  16:256-277. 

Orton,  C.R.  1944.  Graminicolous  species  ofP/^//ac/zora  in  North  America.  Mycolo- 
gia  36:18-53. 

Roane,  C.  W.  ,  and  M.  K.  Roane.  1994.  Graminicolous  fungi  of  Virginia  :  Fungi 
associated  with  cereals.  Va.  J.  Sci.,  45:279-296. 

Roane,  C.  W.,  and  M.  K.  Roane.  1996.  Graminicolous  fungi  in  Virginia:  Fungi 
associated  with  gQmm  Aegilops  to  Digitaria.  Va.  J.  Sci.  47:197-224. 

Roane,  C.  W.,  and  M.  K.  Roane.  1997.  Graminicolous  fungi  of  Virginia:  Fungi 
associated  with  genera  Echinochloa  to  Zizania.  Va.  J.  Sci.  48: 1 1-45. 

Roane,  M.  K.  1991.  The  grasses  of  Virginia.  Va.  J.  Sci.  42:3-100. 

Shoemaker,  R.  A.,  and  C.  E.  Babcock.  1985.  Canadian  and  some  extralimital 
Paraphaeosphaeria  species.  Can.  J.  Bot.  63:1284-1291. 

Shoemaker,  R.  A.,  and  C.  E.  Babcock.  1989.  Phaeosphaeria.  Can.  J.  Bot.  67:1500- 
1599. 

Sprague,  R.  1950.  Diseases  of  Cereals  and  Grasses  in  North  America.  The  Ronald 
Press  Co.,  New  York.  538  pp. 

Sprague,  R.,  and  C.  T.  Rogerson.  1958.  Some  leafspot  fungi  on  Kansas  Gramineae. 

Mycologia  50:634  -641. 

Sutton,  B.  C.  1980.  The  Coelomycetes.  Commonwealth  Inst.  Mycology,  Kew,  Eng¬ 
land.  696  pp. 

Thome,  G.  1961.  Principles  of  Nematology.  McGraw-Hill  Book  Co.,  New  York.  555 

pp. 


158 


VIRGINIA  JOURNAL  OF  SCIENCE  \ 

_  .c? 


!  :  -  A  >v  i .  ■  ?v .. ■'5  i1f  h  . . 

■  'buHTlJiv  >i)- 


‘r,n  . 

..s:t  ■’ 

^li  ■  ■“  ci'id^  ‘-i '  ‘'  '■  ’ ' ^ ^rSam  ■  i  •  -v f  rv, 

c^4Jii^  ■  -  :  Sfin'?  ;.- 'V  *i«t|t«Snitj|h.||||W  ’  'J . 

T'  ,«i  *'4p.Ln 

•  ■^■^w5c.4  |•••■• '  rfi»TO/Btrw  hitpsi-. 

tu  [i  ',5'/ 

*  tiOi-^  uV*  O'*:  ’  Wi  .;i  , 


1 


-Ki.,  :'  .n  •  .'iiVi 

gtet»  .,.:,*,4r;  ■■■  ^;W  S'ya'iii® 


Siteiiffe-  'i^i 


Atiwj 


'i  ?:.•  .-Wi&'.iaraf'-v-' U; 


. 


a- 


:' <'*A  fJptA'ii‘'^-  itf  1  OOBI' !  >Q  ,ttutJl}S 


jB-v^nnsh^'s^/^  '5J''Wwcjflk'U  -  .'L'-*’  ',1 

^  --J  ^  i  .^r^'  .r  -  -,  ; 

F  ;~:n3  .v.'iri])^ 

'V'  -^  •  I‘A''V,  ',  ^  .  _ 

rj],  '  rmt,\  » < 

\  ...  -’t:.’  ^  -kiu  ■  '.'■■.•  Itiof ‘>$i  i^' 

-l-^  r  '-f  f  '  ■  ■  >^r.  r-cifOi-v  i.  I.  Ajolv- 

EDA  '  ■■'  •  *  '.'‘''-iv  •'i  .  M _ ;_..'<i'.n  l.sdlij  "ia-iu'  \ti,  iflwilMka 


I 


'!»: 


iiiivof, S^:j!:ty  Pr.A! ;  Fiu!. 


'  1  .  .!f  ■■'^' 

r-  .pH^V" 

.nJ  ' 

': -r  ^  r  V  r  SmI,.;.  .!'u!;j*i^'.;.f. 

it  ^-;^u.-i;  *4  :  <'I 


\  s 


,;  }r:,f  ^Orfivi3.4 


A^-'’‘'l#>ir.''''f.'  I'nn.r.t.  t^iW;  ,:  -.rf\;.v.,.u..i^.  fU  '■"- 


r^.ii.jl.  'l.V  KUjICV 


:f^\ 


.2 


Virginia  Journal  of  Science 
Volume  55  Number  4 
Winter  2004 

Prescribed  Fire  Impacts  to  Amphibians  and  Reptiles  in 
Shelterwood-harvested  Oak-dominated  Forests 

Patrick  D.  Keyser,  MeadWestvaco  Forestry  Division, 

Box  577,  Rupert,  WV  25984, 

David  J.  Sausville,  Vermont  Fish  and  Wildlife  Department, 

966  VT  Route  17  West,  Addison,  VT  05491, 

W.  Mark  Ford,  USDA  Forest  Service,  Northeastern  Research 
Station,  Box  404,  Parsons,  WV  26287, 

Donald  J.  Schwab,  Virginia  Department  of  Game  and  Inland 
Fisheries,  5806,  Moorestown  Rd.,  Williamsburg,  VA  23188, 
Patrick  H.  Brose,  USDA  Forest  Service,  Northeastern  Research 
Station,  Box  267,  Irvine,  PA  16329-0267 

ABSTRACT 

As  part  of  a  larger  study  examining  the  role  of  prescribed  fire  in  regenerating 
upland  oaks  {Quercus  spp.),  seasonal  prescribed  bums  (winter,  spring,  sum¬ 
mer,  and  unbumed  control)  were  applied  to  first-stage  shelterwood-harvested 
stands  on  Horsepen  Wildlife  Management  Area  in  the  Virginia  Piedmont  in 
1995.  Because  fire  impacts  are  poorly  documented  for  herpetofaunal  com¬ 
munities,  we  surveyed  these  stands  in  1996  capturing  133  individuals  of  ten 
species  during  over  12,720  pitfall  trapnights.  We  found  no  significant  differ¬ 
ences  in  relative  abundance  of  Eastern  Red-backed  Salamanders  (Plethodon 
cinereus)  {P  =  0.26),  American  Toads  {Bufo  americanus)  {P  =  0.93),  or  all 
amphibians  combined  {P  =  0.25)  among  unbumed  shelterwood  stands  and 
those  treated  with  winter,  spring,  or  summer  bums.  Three  species  of  reptiles 
(Northern  Fence  Lizard  [Sceloporus  undulatus].  Ground  Skink  [Scincella 
lateralis],  and  Southeastern  Five-lined  Skink  [Eumeces  inexpectatus])  com¬ 
bined  were  captured  more  frequently  in  burned  versus  unbumed  stands  {P  = 
0.02).  Based  on  a  stepwise  multiple  regression  model.  Eastern  Red-backed 
Salamander  captures  were  more  strongly  influenced  by  landscape  variables 
{P  =  0.0320),  including  distance  to  permanent  water  and  mesic  (i.e.,  eastern- 
northern)  aspects,  than  by  fire  treatments  {P  =  0.26).  Similar  landscape 
models  were  not  significant  {P  <  0.05)  for  toads  or  reptiles.  Based  on  these 
results,  prescribed  fire  may  not  be  detrimental  to  herpetofaunal  communities 
in  oak  dominated  forests  in  the  Virginia  Piedmont. 

INTRODUCTION 

Over  the  past  decade,  considerable  interest  has  developed  in  understanding  rela¬ 
tionships  between  herpetofaunal  communities  and  forest  management  (deMaynadier 
and  Hunter  1995).  Prescribed  burning  as  it  relates  to  the  local  herpetofauna,  however, 
is  one  aspect  of  forest  management  that  has  not  been  well  studied  (Russell  et  al.  1 999). 
Cole  et  al.  (1997)  examined  amphibian  responses  to  clearcutting  followed  by  broadcast 
prescribed  bums  in  the  Oregon  Coast  Range  and  reported  increases  in  capture  rates  for 
Western  Red-backed  Salamanders  {Plethodon  yehiculum),  no  change  for  three  species. 


160 


VIRGINIA  JOURNAL  OF  SCIENCE 


and  declines  for  two  others.  Unfortunately,  their  design  did  not  allow  them  to  isolate 
the  effects  of  burning  from  logging. 

Burning  effects  on  amphibians  and  reptiles  have  been  studied  to  a  limited  extent  in 
the  Coastal  Plain  of  the  Southeastern  United  States  (Brennan  et  al.  1998,  Russell  et  al. 
1999).  Old  field  pine  (Pinus  spp.)  treated  with  understory  prescribed  bums  on  the 
Maryland  Coastal  Plain  had  lower  capture  rates  for  a  number  of  amphibian  species, 
including  Eastern  Red-backed  Salamanders  (Plethodon  cinereus)  and  six  species  of 
frogs  and  toads  than  did  unbumed  sites  (McLeod  and  Gates  1998).  As  was  the  case  in 
the  Oregon  Coast  Range  study,  however,  the  burned  areas  also  had  been  harvested  (in 
this  case  only  partial  overstory  removal),  thus  confounding  fire  effects.  Greenberg 
(2002)  reviewed  several  studies  involving  prescribed  fire  in  xeric  pine  uplands  of  the 
Coastal  Plain  in  Florida  and  concluded  that  with  respect  to  amphibians,  population 
responses  to  fire  were  difficult  to  detect  due  to  the  confounding  influence  of  aquatic 
habitats  on  the  landscape.  She  did  report  that  some  work  on  reptiles  showed  positive 
responses  to  intense  disturbances  including  burning  and  salvage  logging,  indicating 
that  for  some  species  (e.g..  Mole  Skink  [Eumeces  egregius],  Six-lined  Racemnner 
[Cnemidophorus  sexlineatus],  and  Scrub  Lizards  [Sceloporus  woodi\)  these  distur¬ 
bances  may  have  mimicked  natural  regimes  for  which  these  animals  were  adapted. 
Mushinsky  (1985),  also  working  in  Florida  uplands,  reported  that  among  four  fire 
rotations  that  he  examined  (one,  two,  seven  years  and  an  unbumed  control),  both  one 
and  seven  year  fire  intervals  had  higher  densities  of  C.  sexlineatus  and  higher  species 
diversity  than  the  control.  He  attributed  these  differences  to  improved  habitat  stmcture 
and  increased  solar  radiation  resulting  from  the  bums.  His  results  were  strongly 
influenced  by  a  single  species,  C.  sexlineatus,  which  comprised  32%  of  the  total  sample 
and  was  abundant  on  the  annually  burned  plots. 

Two  studies  in  eastern  hardwood  forests  indicate  that  fire  may  not  be  detrimental 
to  amphibians  (Kirkland  et  al.  1996,  Ford  et  al.  1999).  Another  study,  however, 
documented  reduced  amphibian  numbers  in  burned  versus  unbumed  sites  in  Virginia 
(Mitchell  2000). 

Deciduous  hardwood  forests  cover  much  of  the  eastern  United  States  and  provide 
important  habitats  for  a  wide  range  of  wildlife  species.  Additionally,  these  forests 
provide  substantial  economic  benefits.  An  emerging  management  technique  that 
employs  prescribed  fire  as  a  tool  to  help  regenerate  oaks  (Quercus  spp.),  a  major 
component  of  these  forests  critical  for  numerous  wildlife  species,  may  lead  to  increased 
use  of  prescribed  fire  after  decades  of  suppression  (Clark  1993,  Lorimer  1993).  Recent 
research  in  the  Virginia  Piedmont  has  indicated  that  oak  regeneration  responds  well  to 
prescribed  bums,  whereas  other  woody  competitors  are  less  tolerant  of  fire  (Keyser  et 
al.  1996,  Brose  and  Van  Lear  1998,  Brose  et  al.  1999).  As  a  result,  oaks  can  increase 
their  competitive  position  following  prescribed  fire. 

A  silvicultural  approach  that  seems  particularly  promising  to  regenerate  oak 
involves  partial  canopy  removal,  or  shelterwood  harvest,  followed  several  years  later 
by  prescribed  fire  (Van  Lear  et  al.  2000).  If  this  system  gains  wide  acceptance  and 
becomes  relatively  common,  it  will  be  necessary  to  understand  the  impacts  of  this 
silvicultural  technique  on  a  wide  array  of  forest  organisms,  particularly  non-game 
wildlife.  This  information  gap  may  present  problems  for  land  managers  when  imple¬ 
menting  shelterwood-bum  practices  where  concerns  for  wildlife  are  high,  or  manage¬ 
ment  guidelines  require  extensive  environmental  assessments. 
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If  prescribed  fire  has  negative  impacts  on  the  herpetofauna,  effects  could  cascade 
across  trophic  levels  to  species  such  as  medium-sized  mammalian  predators  and  avian 
predators  that  depend  on  amphibians  and  reptiles  as  a  prey  base.  Salamanders  in 
particular  may  be  a  critical  component  of  the  food  chain  in  forested  ecosystems  (Burton 
and  Likens  1975,  Jaeger  1980).  Therefore,  we  examined  the  effects  of  prescribed  fire 
on  herpetofaunal  communities  in  shelterwood-harvested  upland  oak  stands  in  the 
Virginia  Piedmont.  Specifically,  our  objective  was  to  determine  if  prescribed  fire,  and 
season  of  bum,  effected  relative  abundance  for  amphibians  and  reptiles  in  oak-domi¬ 
nated  shelterwood-harvested  forests  in  the  Virginia  Piedmont. 

METHODS 

We  conducted  our  research  at  the  1,200-ha  Horsepen  Wildlife  Management  Area, 
a  property  managed  by  the  Virginia  Department  of  Game  and  Inland  Fisheries 
(VDGIF).  The  property  is  located  in  Buckingham  County,  Virginia  in  the  Piedmont 
physiographic  province  (lat.  37®  30’  N,  long.  78®  33 ’W).  Mixed  stands  of  scarlet  oak 
{Quercus  coccined),  white  oak  (Q.  alba),  northern  red  oak  {Q.  rubra),  and  black  oak 
(Q.  velutina)  dominated  the  area.  Other  important  associates  were  yellow-poplar 
(Liriodendron  tulipifera),  red  maple  {Acer  rubrum),  blackgum  {Nyssa  sylvatica),  and 
American  beech  (Fagus  grandifolia).  Climate  was  warm  continental  with  an  annual 
growing  season  of  190  days  and  104  cm  of  evenly  distributed  annual  precipitation.  The 
topography  was  rolling  with  elevations  from  130-190  m  and  soils  dominated  by  Typic 
Hapludults. 

As  part  of  a  larger  study  designed  to  assess  impacts  of  seasonal  prescribed  fire 
effects  on  oak  regeneration  (Brose  and  Van  Lear  1998),  four  burning  treatments  were 
completed  in  1995:  winter  (Febmary),  spring  (April),  summer  (August),  and  a  control. 
Each  bum  treatment  was  replicated  three  times,  one  replicate  located  on  each  of  three 
isolated  timber  sale  units,  in  a  randomized  complete  block  design.  Treatment  units 
were  2-5  ha  in  size.  First-stage  shelterwood  harvests  had  been  completed  3-5  years 
earlier  on  all  sites  including  the  control,  leaving  approximately  1 1  m^  of  basal  area/ha 
comprised  of  better  form  oaks  and  a  few  scattered  yellow-poplars.  We  selected  three 
uncut  reference  stands  that  were  similar  in  all  respects  (age,  species  composition,  soils, 
management  history,  stocking  levels,  and  understory  condition)  in  1996  in  the  vicinity 
of  the  treatment  stands  for  supplemental  sampling.  They  were  not,  however,  used  in 
any  way  for  the  control  treatment  data. 

Fire  intensity  was  measured  by  placement  of  tiles  treated  with  heat-sensitive  paint 
strips  suspended  1  m  above  the  ground.  Two  tiles  were  placed  on  each  of  15  0.04-ha 
plots  centered  within  each  bum  unit.  Residence  time  was  not  recorded  (Brose  1995). 
Fuel  loads  and  duff  (Oa  horizon)  thickness  were  measured  in  late  1 994  prior  to  burning, 
and  again  in  1995  following  burning  and  prior  to  leaf  fall.  Litter  (Oi)  horizon  was 
assessed  1-3  days  before  burning  and  again  in  fall  1995  prior  to  leaf  fall  (Brose  1995). 
Understory  stem  ( >30  cm  tall  and  <  10  cm  DBH)  density  was  measured  annually  from 
1994  through  1996.  We  obtained  distance  from  the  plot  center  to  nearest  permanent 
water  (in  all  cases,  first  order  streams)  and  prevailing  aspect  of  the  plot  from  the 
examination  of  USGS  7.5’  quadrangle  topographic  maps. 

We  conducted  herpetofaunal  sampling  one  year  after  burning  using  pitfall  trapping 
for  a  total  of  53  nights  during  June,  July,  and  October  1996.  We  placed  twenty  1 -liter 
pitfalls  near  cover  objects  at  regular  spacing  (5  m)  along  transects  centered  in  each 
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treatment  area  (240  total)  following  Ford  et  al.  (1994).  Sampling  effort  was  equal 
across  all  block/treatment  levels. 

We  analyzed  capture  data  by  species  and/or  taxonomic  group  using  a  one-way 
ANCOVA  with  each  of  three  replicates  treated  as  a  blocking  factor,  season  of  bum  as 
the  main  effect,  and  mean  stand  bum  temperature  as  a  covariate.  We  used  least  square 
means  to  test  for  differences  in  treatment  means  (SAS  1993,  Neter  et  al.  1996).  Due 
to  small  sample  sizes  and  their  similarity  in  habitats  and  habitat  use,  we  combined  three 
species  of  lizards  (Northern  Fence  Lizard  [Sceloporus  undulatus],  Ground  Skink 
[Scincella  lateralis],  and  Southeastern  Five-lined  Skink  [Eumeces  inexpectatus])  for 
analysis.  Eastern  Red-backed  Salamanders  (Plethodon  cinereus)  and  American  Toads 
{Bufo  americanus)  were  analyzed  separately.  We  also  analyzed  all  amphibians  as  a 
group.  We  rank  transformed  data  for  Eastern  Red-backed  Salamanders  and  all  am¬ 
phibians  combined  because  these  data  were  not  normally  distributed  (Proc  Univariate 
(SAS  1993)).  Data  for  the  lizards  and  toads  were  normally  distributed  and  were 
analyzed  without  transformation.  Furthermore,  we  conducted  a  stepwise  multiple 
regression  analysis  with  a  selection  criterion  that  maximized  the  coefficient  of  deter¬ 
mination  (SAS  1993,  Neter  et  al,  1996)  to  determine  the  ability  of  habitat  variables  to 
explain  capture  frequencies  for  Eastern  Red-backed  Salamanders,  American  toads,  and 
the  combined  lizard  species  among  the  individual  bum  units  {n  =  12).  Variables  used 
in  the  model  were  selected  from  among  those  collected  for  the  study  after  removal  of 
those  that  were  correlated  and  included,  understory  stem  density,  basal  area,  mass  of 
thousand-hour  (woody  debris  7.62-20.32  cm  in  diameter)  fuels,  litter  mass,  distance  to 
permanent  water,  and  aspect.  Non-normal  variables  were  natural  log  transformed. 
Criteria  for  model  selection  were  inclusion  of  significant  variables  (P<  0.15)  and 
Mallow ’s  C(p). 


RESULTS 

All  fires  reduced  fine  (<  2.54  cm  diameter),  medium  (2.54-7.62  cm  diameter),  and 
coarse  (>  7.62  cm  diameter)  fuel  loads  {P<  0.05),  but  the  duff  layer  remained  intact  in 
all  cases  (Brose  1995).  Most  fine  fuels  were  completely  eliminated,  whereas  coarse 
fuels  generally  were  only  partially  reduced.  Nevertheless,  medium  and  coarse  fuel 
loads  on  burned  sites  remained,  respectively,  at  levels  greater  than  and  equal  to  those 
found  in  the  reference  stands.  Understory  vegetation  shifted  from  shrub-dominated  to 
herbaceous-dominated  for  sites  treated  with  spring  and  summer  fires  (Brose  1995). 
Sites  treated  with  winter  fires  retained  a  shrub-dominated  understory.  Overall  plant 
coverage  and  species  richness  increased  following  fire  regardless  of  season  of  bum 
(Brose  1995).  Mean  fire  temperatures  measured  1  m  above  the  ground  were  274.7°  C 
(winter  bums),  342°  C  (spring  bums),  and  252°  C  (summer  bums). 

Pitfall  sampling  resulted  in  12,720  trap-nights  with  133  amphibian  and  reptile 
captures  or  1.05  captures/100  trap-nights.  We  captured  ten  species,  including  three 
lizards,  one  snake,  one  toad,  and  five  salamanders  (Table  1).  The  most  abundant 
species  were  Eastern  Red-backed  Salamanders,  followed  by  American  Toads,  with  the 
remaining  eight  species  comprising  20%  of  the  captures,  collectively  (Table  1). 

We  failed  to  detect  a  significant  difference  for  season  of  bum  on  captures  for 
American  toads  =  0. 14,  P  =  0.93),  Eastern  Red-backed  Salamanders  .82, 

P  =  0.26),  or  all  amphibian  species  combined  (F^  5  =  1.87,  P  =  0.25).  For  the  three 


TABLE  1.  Summary  of  amphibian  and  reptile  captures  using  pitfalls  at  Horsepen  Wildlife  Management  Area,  Buckingham  County,  Virginia  during  June-October  1996. 
Results  are  for  all  four  bum  categories:  spring,  summer,  winter,  and  control.  Unadjusted  means  and  standard  errors  are  presented  for  the  four  categories  with  sample  sizes 
large  enough  to  permit  statistical  analysis.  Means  within  rows  with  different  letters  are  significantly  different  {P  <  0.05),  while  means  within  rows  with  no  letters  do  not  have 
significant  differences. 
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species  of  lizards  combined,  season  of  bum  was  significant  5  =  9.55,  P  =  0.02)  with 
more  animals  captured  on  the  burned  sites  than  on  the  unbumed  sites  (Table  1). 

Regression  models  for  Eastern  Red-backed  Salamanders  proved  to  be  significant 

=  0.069,  P  =  0.0320)  with  the  best  model  based  on  the  stepwise  procedure  including 
distance  to  permanent  water  (DIST),  understory  stem  density  (STEMS),  and  aspect 
(ASPECT)  (captures  =  5.55470  -  0.000572 14(DIST)  -  0.0003 1576(STEMS)  - 
0.34959  (ASPECT)).  No  model  was  significant  (P<  0.05)  for  either  toads  or  lizards. 

DISCUSSION 

Our  spring  and  summer  bums  were  particularly  intense  and  consumed  virtually  all 
fine  fuels,  reducing  leaf  litter  to  minimal  depths  and  shifting  ground-layer  vegetative 
communities  from  primarily  woody  to  those  dominated  by  herbaceous  vegetation. 
Despite  this,  no  amphibian  or  reptile  species  or  species  group  was  negatively  impacted 
by  any  bum  regardless  of  season.  Our  finding  is  consistent  with  results  of  a  study  of 
an  intense  community  restoration  fire  in  the  Southern  Appalachians  (Ford  et  al.  1999). 
In  that  study,  no  differences  in  amphibian  captures  were  detected  between  burned  and 
unbumed  areas  leading  the  authors  to  conclude  that  the  amount  of  functional  refugia 
was  adequate  to  protect  animals  during  and  after  fire.  Cole  et  al.  (1997)  likewise 
speculated  that  on  the  treated  sites  the  amount  of  residual  woody  debris  might  have 
provided  enough  cover  for  amphibians  to  persist.  There  was  a  large  amount  of  slash 
still  on  site  in  our  study  as  the  result  of  the  initial  shelterwood  harvest  (Brose  1995, 
Brose  and  Van  Lear  1998).  This  debris  may  have  mitigated  any  loss  of  cover  due  to 
the  consumption  of  leaf  litter  and  small  woody  debris  by  the  fires.  Indeed,  the  medium 
and  coarse  fuels  remained  more  abundant  on  burned  sites  than  on  unharvested  reference 
areas  (Brose  1995).  Furthermore,  the  duff  layer,  an  important  component  of  diurnal 
cover  for  amphibians  (Taub  1961,  Heatwole  1962),  remained  intact.  Thus,  despite 
gross  floristic  changes  to  the  sites  as  a  result  of  burning,  the  critical  habitat  components 
for  these  taxa  remained  largely  intact.  Greenberg  (2002),  in  her  review  of  fire  responses 
of  herpetofaunal  communities  in  the  Coastal  Plain,  likewise  concluded  that  the  variable 
nature  of  bums  on  habitat  stmcture  make  it  difficult  to  detect  fire-mediated  responses 
in  amphibian  communities. 

Mitchell  (2000),  working  in  the  upper  Coastal  Plain  of  Virginia,  noted  fewer 
amphibians,  principally  of  the  genus  Plethodon,  in  sites  that  had  just  been  burned  versus 
sites  without  recent  bums.  However,  he  does  not  discuss  the  fire  history  of  the  burned 
and  unbumed  sites  in  enough  detail  to  evaluate  the  influence  of  past  burning  on  his 
results.  Without  the  benefit  of  pre-treatment  data  or  such  a  history,  it  is  not  clear  that 
the  burning  is  the  cause  of  the  apparent  differences  that  he  observed. 

Kirkland  et  al.  (1996)  reported  an  increase  in  amphibian  populations  following  a 
dormant- season  bum  on  an  oak-dominated  site  in  Pennsylvania.  This  was  largely 
driven,  however,  by  the  increase  in  American  Toad  captures,  the  only  species  abundant 
enough  to  test  individually.  Their  study  lacked  pre-treatment  sampling  and  replication, 
and  the  apparent  differences  could  have  been  present  prior  to  burning  or  have  been  an 
artifact  of  the  site.  It  is  possible  that  changes  reported  by  Kirkland  et  al.  (1996)  during 
the  spring  months  were  present  in  Virginia  as  well.  If  so,  we  may  have  failed  to  detect 
these  changes  because  we  did  not  sample  at  that  time  of  year. 

Logistical  constraints  prevented  us  from  initiating  sampling  during  spring  months 
when  a  broader  sample  of  the  amphibian  community,  specifically  ambystomid  sala- 
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manders  and  various  anurans,  may  have  been  collected.  Although  failure  to  sample  at 
this  time  of  year  may  have  reduced  sample  sizes  and  over-simplified  the  species 
composition,  we  do  not  believe  it  was  a  significant  problem.  Piedmont/upland  hard¬ 
wood  forest  amphibian  assemblages  typically  are  not  very  diverse  and  are  dominated 
by  the  species  represented  in  our  sample  (Skeen  et  al.  1993,  Brooks  1999,  Herbeck  and 
Larsen  1999). 

Although  the  differences  we  detected  in  reptile  captures  among  the  burned  and 
unbumed  areas  may  have  been  a  function  of  small  sample  sizes,  changes  induced  by 
burning  likely  altered  the  site  in  a  manner  favorable  to  reptiles.  For  example,  the 
increase  in  solar  radiation  due  to  the  removal  of  the  hardwood  midstory  would  have 
created  more  favorable  conditions  for  these  reptiles  (Mitchell  1994).  Indeed,  McLeod 
and  Gates  (1998)  found  a  highly  significant  increase  in  skink  (Eumeces  spp.)  captures 
in  partially  harvested  (versus  intact)  hardwood  stands  that  resembled  our  shelterwood 
harvests,  but  not  between  burned  and  unbumed  pine  stands.  In  their  case,  the  harvest 
seemed  to  be  of  greater  importance  in  skink  response  than  the  fire.  Both  Greenberg 
(2002)  and  Mushinsky  (1985)  reported  that  reptiles  were  more  abundant  in  areas  treated 
with  fire,  a  result  that  they  related  to  changes  in  the  stmcture  of  the  habitat.  Specifically, 
they  both  believed  that  the  increased  solar  radiation  and  structural  diversity  of  the 
habitat  were  important  fire-mediated  contributors  to  improved  habitat  quality  for 
reptiles. 

For  Eastern  Red-backed  Salamanders,  two  landscape  variables,  distance  to  perma¬ 
nent  water  and  aspect,  influenced  capture  frequency  whereas  fire  treatments  did  not. 
Greenberg  (2002)  also  reported  that  distance  to  water  was  a  more  important  variable 
than  stand  age  or  disturbance  treatment  for  anurans.  Ford  et  al.  (1999)  observed  a 
similar  response  for  many  amphibian  species,  including  plethodontid  salamanders,  and 
distance  to  water.  Thus,  mesic  environment  seemed  to  be  important  for  Eastern 
Red-backed  Salamanders. 

Because  we  did  not  sample  the  herpetofauna  in  the  year  of  the  bum  (1995),  we 
recognize  that  there  may  have  been  some  short-term  changes  that  had  disappeared  by 
1996.  With  respect  to  amphibians,  however,  we  think  this  is  unlikely  because  two 
critical  habitat  components,  the  duff  layer  and  large  woody  debris,  were  largely  intact 
in  both  1995  and  1996.  The  only  change,  beyond  normal  plant  regrowth  in  the  spring 
of  1996,  would  be  the  leaf  litter  accumulation  of  fall  1995.  Although  this  is  not 
irrelevant,  it  may  be  of  less  importance  than  duff  and  large  woody  debris  (Heatwole 
1962).  In  any  case,  the  possibility  remains  that  we  missed  some  short-term  responses 
to  the  bums. 

Undisturbed  oak-dominated  hardwood  forests  in  the  Piedmont  are  likely  to  change 
markedly  due  to  the  suppression  of  fire,  and  be  replaced  by  forests  dominated  by  beech, 
yellow-poplar,  and  maple  (Kellison  1993).  The  shelterwood-bum  technique  shows 
promise  for  maintaining  a  substantial  oak  component  in  eastern  hardwood  forests  in 
the  face  of  decades  of  limited  regeneration  success.  Given  the  rate  of  development  and 
loss  of  forested  habitats  in  many  parts  of  the  Southeast  and  mid-Atlantic,  the  importance 
of  maintaining  as  many  acres  of  quality,  ecologically,  healthy,  hardwood  forests  as 
possible  undoubtedly  will  increase.  Our  results  suggest  that  the  prescribed  bums 
associated  with  this  technique  are  unlikely  to  adversely  affect  two  of  the  more  common 
amphibian  species  in  the  Piedmont. 
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The  results  of  our  study  and  the  limited  number  of  other  studies  that  have  investi¬ 
gated  the  effects  of  fire  on  these  communities  suggest  that  fire,  by  itself,  is  not  a 
detrimental  factor  in  many  upland  systems.  The  benefits  that  can  be  realized  from  a 
stand-level  and  ecosystem-level  perspective  to  eastern  hardwood  forests  from  main¬ 
taining  or  restoring  a  substantial  oak  component  are  notable.  That  we  were  unable  to 
detect  measurable  negative  impacts  on  the  herpetofaunal  community  despite  the 
application  of  fairly  intense  growing  season  fires,  may  suggest  that  this  could  be  a 
viable  technique  for  achieving  those  goals.  Given  the  serious  concerns  about  the  loss 
of  fire  as  an  ecosystem  component  and  its  effects  on  biota  in  the  Southeast  and 
elsewhere  (Brennan  et  al.  1998,  Delcourt  and  Delcourt  1998,  Frost  1998)  this  tool  may 
have  additional  merit  for  maintaining  healthy  and  diverse  ecosystems. 
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ABSTRACT 

I  investigated  the  effect  on  small  mammal  populations  of  converting  an 
existing  fescue  {Festuca  arundinacea)  hayfield  to  switchgrass  {Panicium 
virgatum)  on  the  George  Washington  National  Forest  at  Hidden  Valley  in 
Bath  County,  Virginia.  Native  warm  season  grasses  are  thought  to  provide 
better  habitat  than  fescue  pastures  for  Northern  Bobwhite  (Colinus  virgini- 
anus)  and  several  species  of  grassland  birds  as  well  as  herbivorous  small 
mammals.  I  established  one  live-trapping  grid  and  conducted  trapping  (pre¬ 
treatment)  in  both  the  switchgrass  (treatment)  and  the  fescue  (control)  field 
in  March  and  May  1997.  The  treatment  field  was  sprayed  with  glyphosate 
herbicide  (Roundup®)  in  June  1997,  burned  and  seeded  to  switchgrass.  Live 
trapping  was  conducted  at  approximately  60-day  intervals  during  the  growing 
season  from  March  1997  until  October  1999.  I  caught  significantly  more 
individuals  in  the  treatment  field  (n=349  individuals  of  5  species)  than  in  the 
control  field  (n=59  individuals  of  4  species;  =  196.7,  d.f  =  1,  P<  0.05). 

The  overall  capture  index  was  14.432  and  2.273  animals  per  100  trap  nights 
in  the  treatment  and  control  fields,  respectively.  The  treatment  field  had  a 
significantly  higher  mean  plant  biomass  weight  (^58.24  g/m^)  than  the 
control  field  (^38.41  g/m^;  t=4.323;  P<0.00008,  D.F.  =  44). 

INTRODUCTION 

Over  the  past  fifty  years,  land  use  practices  related  to  farming  have  changed 
dramatically  in  Virginia  and  most  of  the  Southeastern  United  States.  These  changes 
include:  use  of  monocultures,  large  fields,  loss  of  fence  rows,  mechanization  and 
conversion  of  native  forages  to  non-native,  cool-season  forage  grasses  for  hay  and 
pasture,  decline  in  the  use  of  prescribed  fire  as  a  management  tool,  dense  pine 
plantations,  and  increased  use  of  pesticides.  For  example,  Kentucky  once  had  3  million 
acres  of  native  grasslands  that  have  now  been  largely  converted  to  fescue  (Kentucky 
DNR,  2004).  In  Texas,  it  is  estimated  that  only  54%  of  the  original  native  grassland 
remains  and  this  has  been  detrimental  to  native  species  of  wildlife  (Hays  et  al,  2004). 
In  Ohio,  only  1%  of  native  prairie  remains  (Anonymous,  2004). 

While  farm  productivity  has  seen  dramatic  increases,  unforeseen  consequences 
resulting  from  this  rush  to  “improve”  farming  include  loss  of  Northern  bobwhite 
(quail)  {Colinus  virginianus)  habitat  and  changes  in  population  structure  of  both  small, 
herbivorous  mammals  and  grassland  birds  (Askins,  1993).  Early  successional  grass¬ 
land  birds  have  exhibited  the  greatest  overall  population  decline  in  the  U.S.  (Sauer  et 
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al.,  1 995).  This  trend  is  attributed  to  loss  of  early  successional  habitat  used  as  breeding 
grounds  due  to  more  intensive  agricultural  practices  (Cederbaum,  2002).  In  addition 
to  loss  of  breeding  grounds  for  migratory  songbirds,  these  changes  in  farming  have 
contributed  to  a  62%  decline  in  quail  populations  across  the  Southeast  in  the  last  30 
years  (Capel  et  al,  1996). 

Quail  populations  have  undergone  a  steady  decline  in  Virginia  and  other  states  in 
the  bird’s  range  over  the  past  50  years  and  this  trend  continues  today  (Capel  et  al., 
1996).  The  conversion  of  native  grasslands  to  fields  dominated  by  cool  season  grasses 
such  as  tall  fescue  (Festuca  arundinacea)  is  the  number  one  problem  facing  quail 
managers  in  Virginia  (Capel  et  al,  1996).  Cool  season  grasses  are  relatively  unpro¬ 
ductive  in  both  forage  biomass  and  seed  production  during  hot  summer  months  typical 
of  Virginia  (Moser  and  Vogel,  1995).  Efforts  are  currently  underway  in  much  of 
Virginia  to  establish  native  warm  season  grasses  in  an  effort  to  both  demonstrate  their 
usefiilness  for  forage  and  pasture  and  to  halt  and  reverse  the  decline  in  quail  (Capel  et 
al.,  1996). 

Warm  season  grasses  are  so  named  because  they  tolerate  and  grow  best  in  the 
warmer  summer  months  of  June-August.  Various  species  of  native  grass  fall  under  the 
heading  of  warm  season  grass.  The  most  commonly  planted  species  include  switch- 
grass  (Panicum  virgatum),  indiangrass,  (Sorghastrum  nutans)  and  big  bluestem  {An- 
dropogon  gerardii).  Warm  season  grasses,  which  flower  and  produce  seed  from 
mid-summer  to  fall,  are  important  food  resources  for  numerous  wildlife  species. 

Switchgrass  is  drought-tolerant  and  can  grow  well  on  poor  soils  though  its  best 
growth  is  on  silt  loam  soil  conditions.  Switchgrass  can  produce  up  to  3  times  more 
forage  per  inch  (2.54  cm)  of  soil  water  than  fescue  (Wolf,  no  date).  Switchgrass  grows 
to  2.0  m  tall  and  can  have  roots  up  to  3  m  deep.  It  is  considered  a  bunchgrass  in  that 
it  grows  in  clumps  with  bare  soil  between  bunches.  It  is  this  bare  soil  that  forms  the 
microhabitat  mosaic  that  benefits  quail  chicks  and  small  mammals.  Switchgrass  can 
produce  80,000  seeds  per  kilogram  (Moser  and  Vogel,  1995). 

Concomitant  with  the  decline  in  quail  and  grassland  bird  populations  are  declines 
of  unknown  magnitude  in  populations  of  small,  herbivorous  mammals.  Little  work 
has  been  done  to  examine  the  effects  of  warm  season  grass  restoration  on  small 
mammals.  Rucker  (1998)  studied  fescue  pastures  in  Kansas  restored  to  native  prairie 
grasses  by  introducing  fire  and  removing  cattle  and  nitrogen  fertilization.  Rucker 
concluded  that  conversion  of  fescue  pastures  is  effective  in  creating  habitat  suitable  for 
several  species  of  small  mammals.  Some  work  has  been  done  on  restoring  strip  mine 
lands  but  effects  of  such  activity  on  small  mammal  populations  is  lacking.  Other 
projects  (Capel  et  al.,  1996)  have  addressed  the  decline  in  quail  populations  in  Virginia. 

My  project  explored  the  differences  between  small  mammal  populations  in 
hayfields  of  fescue  and  switchgrass.  Many  small  mammals  are  grazers  and  seedeaters 
and  it  was  hypothesized  that  they  would  benefit  from  the  seed  production  attributable 
to  warm  season  grasses  especially  as  this  relates  to  increased  winter  food  supply. 
Therefore,  my  objective  was  to  assess  the  impacts  of  hayfield  conversion  on  popula¬ 
tions  of  small,  herbivorous  mammals. 

STUDY  AREA 

I  conducted  this  study  in  the  Hidden  Valley  Recreation  Area  on  the  Warm  Springs 
Ranger  District  of  the  Jefferson/George  Washington  National  Forest  in  Bath  County, 
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Virginia.  The  Jackson  River  bisects  the  valley  flowing  generally  north  to  south  and 
forms  the  western  boundary  of  the  treatment  field.  The  control  field  was  south  of  the 
treatment  field.  A  wetland  strip  with  a  continuously  flowing  shallow  stream  separates 
the  fields.  The  strip  was  approximately  15  m  wide  and  the  2  trapping  grids  were  a 
minimum  of  120  m  apart.  The  edge  of  the  treatment  grid  was  a  minimum  of  45  m  from 
the  Jackson  River  and  the  field  has  been  mowed  to  within  3  meters  of  the  river  in  the 
past.  In  1996,  the  USDA  Forest  Service  delineated  a  45-m  buffer  strip  and  deleted  that 
acreage  from  the  mowing  contract  in  the  hope  that  native  streamside  woody  vegetation 
would  become  established.  In  1998,  riparian  vegetation  (trees)  was  planted  along  this 
border.  Recreationists  heavily  use  the  area  for  cycling,  hiking,  camping,  hunting  and 
fishing  access.  Horseback  riding  is  allowed  along  a  dirt  road  within  5  m  of  the  Jackson 
River. 


MATERIALS  AND  METHODS 

The  treatment  field  was  sprayed  with  the  herbicide  Roundup®  in  late  June  1997, 
burned  on  3  July  1997,  and  seeded  with  switchgrass  on  7  July  1997.  No  ftirther  hay 
cutting  was  conducted  on  the  treatment  field.  The  control  field  was  cut  and  bailed  for 
hay  on  1  July  1997.  Treatments  were  carried  out  by  the  USDA  Forest  Service  -  Warm 
Springs  Ranger  District  or  their  contractors.  Hay  was  cut  twice  per  growing  season  in 
the  control  field  only  and  transported  off  the  study  area.  No  cattle  were  grazed  in  either 
study  field. 

I  established  a  single  live  trapping  grid  in  each  field.  Each  grid  covered  1 .2  ha.  On 
each  grid,  I  placed  transects  at  1 5  m  intervals  and  stations  were  located  at  10  m  intervals 
along  each  line.  In  the  treatment  field,  the  grid  was  rectangular  in  shape  with  5  lines 
and  20  trap  stations  per  line  for  a  total  of  1 00  trap  stations.  In  the  control  field,  the  grid 
had  7  lines  and  12-14  stations  per  line  for  a  total  of  96  stations.  When  trapping,  only 
60-75  grid  points  in  each  field  were  randomly  selected  due  to  limitations  of  number  of 
traps  and  time.  A  single  Sherman  live  trap  was  placed  at  each  trap  station  and  marked 
with  a  plastic  flag.  Trap  stations  were  randomly  selected  at  the  start  of  each  trapping 
session.  Traps  were  baited  with  sunflower  seed  and  opened  for  2-4  consecutive  nights 
in  each  field  simultaneously.  Live  trapping  continued  at  approximately  60-day  inter¬ 
vals  during  the  growing  season  from  March  1997  until  October  1999.  I  identified 
captured  animals  to  species,  toe  clipped,  weighed  and  gender  and  age  were  determined. 
I  released  captured  animals  immediately  at  the  capture  site. 

I  assessed  total  aboveground  forage  biomass  once  in  early  April  1998  by  randomly 
selecting  30  rectangular  plots  in  each  treatment  ( 1/2  m  by  2  m)  and  harvesting  all  living 
plant  material.  This  material  was  bagged  by  plot  and  treatment  and  dried  to  constant 
moisture  content  before  weighing  to  the  nearest  0.1  g.  I  used  a  Student’s  t-test  to 
compare  mean  biomass  between  fields.  I  compared  small  mammal  captures  using  a 
Chi-square  statistic  and  catch  per  effort  measures  (number  of  animals  caught  per  100 
trap  nights)  and  corrected  for  sprung  traps  using  the  method  in  Nelson  and  Clark  (1973). 
Statistical  significance  was  set  at  alpha  =  0.05. 

RESULTS 

Herbicide  spraying  and  burning  successftilly  killed  and  removed  nearly  all  of  the 
existing  vegetation  on  the  treatment  field  (S.  Tanquay,  USDA  Forest  Service,  pers. 
comm.).  However,  the  entire  process  of  spraying,  burning  and  seeding  occurred  about 
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4  weeks  later  than  the  time  frame  recommended  for  establishment  of  warm  season 
grasses  in  Virginia  (Capel,  1996).  The  area  experienced  a  mild  drought  during  late 
summer  1 997  and  the  winter  of  1 997- 1 998  was  warmer  than  normal  and  there  was  less 
than  normal  snowfall  that  year.  From  January  through  April  1998,  the  8-county  area 
to  the  east  and  southeast  of  Bath  County,  including  Bath  County,  received  35.5  cm 
above  the  normal  rainfall  amount.  Rainfall  patterns  were  near  normal  in  1999. 

Trapping  occurred  13  times  over  the  study  period.  Although  all  live  animals  were 
toe-clipped,  I  was  unable  to  compute  population  estimates  because  of  low  recapture 
rates  (less  than  30  total  recaptures)  and  high  trap  mortality  in  some  trap  sessions. 
Instead,  I  computed  captures  per  10  trap  nights  (TN)  as  an  index  to  abundance.  The 
results  indicate  a  low  small  mammal  population  in  the  control  field.  Nearly  6  times  as 
many  small  mammals  were  collected  in  the  treatment  field  as  in  the  control  field.  In 
the  treatment  field,  349  individuals  of  five  species  were  collected  in  2,717  trap  nights. 
The  meadow  vole  {Microtus  pennsylvanicus)  (87%  of  total  captures)  was  the  most 
abundant  species  followed  by  meadow  jumping  mouse  (Zapus  hudsonius)  (6.9%), 
northern  short- tailed  shrew  (Blarina  brevicauda)  (4.3%),  deer  mouse  {Peromyscus 
maniculatus)  (2%),  and  one  short-tailed  weasel  {Mustela  frenata)  (0.3%).  A  total  of 
59  individuals  of  four  species  were  caught  in  the  control  field  in  2,657  trap  nights. 
Meadow  voles  made  up  86%  of  the  catch  followed  by  meadow  jumping  mice  (8.5%), 
northern  short-tailed  shrew  (3.4%)  and  deer  mice  (1.7%).  In  the  treatment  field, 
captures  ranged  from  0-142  individuals  per  session  with  no  captures  in  three  trapping 
sessions.  In  the  control  field,  captures  ranged  from  0-32  individuals  per  session  with 
no  captures  in  six  trap  sessions.  Capture  indices  (per  100  trap  nights)  in  each  trap 
session  are  summarized  in  Table  1 . 

Overall  capture  index  was  6.3  times  higher  in  the  treatment  field  (14.43  cap¬ 
tures/100  TN)  than  the  control  field  (2.27  captures/ 100  TN).  Capture  index  was  higher 
in  the  treatment  field  for  all  trap  sessions  during  which  small  mammals  were  captured 
(Figure  1).  Yearly  capture  index  in  the  treatment  field  was  1.72,  10.61,  and  42.06 
compared  to  0.41,  1.66,  and  6.13  captures/100  TN  on  the  control  field  for  1997,  1998, 
and  1999,  respectively.  Overall  captures  were  not  equally  distributed  between  fields. 
The  number  of  small  mammals  caught  on  the  treatment  field  was  significantly  greater 
than  the  number  captured  on  the  control  field  =  196.7,  d.f  =  1,  P<  0.01  ).  Four 
species  of  small  mammals  were  caught  on  the  control  field  but  only  meadow  voles 
were  caught  in  more  than  one  trap  session  (Table  1).  Five  species  were  collected  on 
the  treatment  field,  however  the  long-tailed  weasel  was  represented  by  a  single 
individual.  Of  the  remaining  four  species,  northern  short-tailed  shrews  were  caught  in 
four  of  the  last  5  trap  sessions,  meadow  voles  were  caught  throughout  the  3 -year  study, 
and  86%  of  deer  mice  were  caught  in  the  first  year  (Table  1). 

The  treatment  field  had  more  aboveground  biomass  (x  =  57.24  g/m^,  SE  =  3.84 
g/m^)  than  the  control  field  (biomass  (x  =  38.41  g/m^,  SE  =  2.04  g/m^).  The  difference 
was  statistically  significant  (t  =  4.323,  P<  0.00008,  DF  =  39). 

DISCUSSION 

Several  factors  contributed  to  the  differences  in  small  mammal  populations  be¬ 
tween  the  two  fields  in  my  study.  Although  not  measured,  my  observations  over  the 
length  of  the  study  indicated  that  the  vegetation  in  the  treatment  field  was  more  clumped 
with  more  areas  of  bare  ground  than  in  the  control  field.  The  higher  biomass  for 
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TABLE  1.  Distribution  of  small  mammals  captured  (%  of  species*  total)  during  each  trapping  session  on 
a  fescue  (control)  and  warm  season  grass  field  (treatment)  in  Bath  County,  Virginia. 


Date 

Field 

BLBR 

MIPE 

PEMA 

ZAHU 

MUFR 

Mar  -  97 

Control 

Treatment 

May  -  97 

Control 

1.9 

Treatment 

2.4 

14.3 

Jul  -  97 

Control 

Treatment 

Sep  -  97 

Control 

Treatment 

1.0 

Nov  -  97 

Control 

100 

1.9 

Treatment 

0.3 

71.4 

Mar  -  98 

Control 

Treatment 

May  -  98 

Control 

3.7 

Treatment 

1.2 

Jun  -  98 

Control 

16.7 

100 

Treatment 

5.5 

14.3 

12 

Sep  -  98 

Control 

Treatment 

60 

13.3 

76 

100 

Apr  -  99 

Control 

3.7 

Treatment 

9.4 

Jun  -  99 

Control 

57.4 

100 

Treatment 

7 

37.9 

8 

Aug  -  99 

Control 

14.8 

Treatment 

13 

12.7 

4 

Oct  -99 

Control 

Treatment 

20 

17.6 

Total 

Captures 

Control 

2 

54 

1 

5 

Treatment 

15 

330 

7 

25 

1 

*  BLBR  =  Blarina  Brevicauda;  MIPE  =  Microtus  pennsylvanicus;  PEMA  =  Peromyscus  maniculatus', 
ZAHU  =  Zapus  hudsonius;  MUFR  =  Mustela frenata 


switchgrass  is  consistent  with  Virginia  Tech  Cooperative  Extension  Service  literature. 
Wolf  (no  date)  reported  that  switchgrass  had  a  yield  of  4.2  tons  per  acre  while  fescue 
produces  only  2.0  tons  per  acre  in  a  West  Virginia  study.  Additionally,  the  treatment 
field  contained  a  variety  of  plant  species  while  the  control  field  was  estimated  to  contain 
over  95%  fescue  with  only  2-3  sparsely  scattered  plant  species.  Observations  in  the 
control  field  indicated  very  uniform  ground  coverage  by  fescue  with  little  or  no  bare 
ground  except  near  occasional  woodchuck  {Marmota  monax)  burrows.  There  ap¬ 
peared  to  be  twice  as  many  woodchuck  burrows  in  the  treatment  field  as  in  the  control 
field  and  more  white-tailed  deer  (Odocoileus  virginianus)  fecal  pellet  groups  were 
observed  in  the  treatment  field  than  in  the  control  field.  During  the  May  1999  trapping 
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Trapping  Date 

FIGURE  1.  Small  mammal  index  of  abundance  (captures  per  100  trap  nights)  on  a  warm  season  grass 
(treatment)  field  and  a  fescue  hayfield  (control)  during  1997-1999  in  Bath  County,  Virginia. 


period,  I  estimated  that  the  vegetation  in  the  control  field  was  30-35  cm  high  whereas 
vegetation  in  the  treatment  was  nearly  1  m  tall.  While  checking  traps,  both  white-tailed 
deer  fawns  and  cottontail  rabbits  {Sylviligus  floridanus)  were  observed  in  the  treatment 
field  but  neither  was  observed  in  the  control  field.  I  recorded  no  observations  of 
songbird  nests  in  either  field. 

In  this  study,  I  found  an  increasing  trend  in  small  mammal  capture  index  with  time 
since  disturbance  that  is  consistent  with  other  studies  of  early  successional  plant 
communities  (Atkeson  and  Johnson,  1978;  Felix  et  al,  1983;  Golley  et  al.,  1965; 
Kirkland,  1 977 ;  Mengak  et  al,  1 989).  Michael  ( 1 995)  working  in  ten  undisturbed  high 
elevation  habitats  in  West  Virginia  found  meadow  voles  to  be  the  dominant  species  in 
habitat  dominated  by  alder  2-4  m  tall  with  various  species  of  forbs,  grasses  and  sedges 
in  the  understory.  Michael  (1995)  found  deer  mice  to  be  least  abundant  in  hayfields. 
Deer  mice  preferred  mature  hardwoods  or  grassland  ecotones.  Meadow  voles  and 
short-tailed  shrews  were  moderately  abundant  in  hayfields. 

Michael  (1995)  and  others  have  noted  oscillations  in  small  mammal  abundance  or 
capture  success.  Peaks  and  valleys  in  abundance  occur  at  approximately  5-6  year 
intervals.  Numerous  studies  (Atkeson  and  Johnson  1979;  Felix  et  al.  1983;  Kirkland 
1977;  Mengak  et  al.  1989)  have  observed  that  small  mammal  populations  require  1-3 
years  post-disturbance  to  reach  high  levels  of  abundance.  Small  mammal  populations 
in  this  study  appear  to  follow  that  trend.  It  is  likely  that  the  warm  season  grass  field  is 
functioning  like  other  early  successional  old  field  habitats  and  mammal  populations 
can  be  expected  to  oscillate  in  response  to  variables  such  as  food  resources,  weather. 
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competition,  and  plant  species  composition.  Hay  cutting  operations  will  continue  to 
suppress  small  mammal  populations  in  the  control  field  due  to  the  impact  on  vegetation. 

Rucker  (1998)  found  that  removing  the  disturbance  factors  of  mowing  and  grazing 
allowed  the  plant  community  to  undergo  succession  and  provide  suitable  habitat  for 
small  mammal  populations.  Additional  studies  are  necessary  to  determine  whether 
plant  species  composition  or  structure  of  the  vegetation  has  the  greater  impact  on  small 
mammals.  I  suggest  that  both  plant  species  composition  (monoculture  fescue  versus 
multi-species)  and  structure  (i.e.,  dense  mat  of  fescue  versus  bunchgrass  with  bare 
ground)  are  important  to  small  mammals.  Similar  studies  note  that  increasing  plant 
species  diversity  is  the  first  step  to  improving  wildlife  habitat  and  recommend  planting 
native  warm  season  grasses  (McPeake  et  al.  2003). 

Trapping  results  from  my  study  indicate  a  large  difference  between  the  two  fields. 
Nearly  six  times  as  many  mice  were  collected  in  the  treatment  field.  Numerous  mice 
and  other  mammals  were  observed  running  through  the  treatment  field  as  I  walked 
fi-om  trap  to  trap.  No  similar  activity  was  observed  in  the  control  field.  Although 
switchgrass  dominated  the  treatment  field  other  plants  were  scattered  throughout  the 
field.  Casual  observation  revealed  thistle  {Carduus  spp.),  nightshade  {Solarium  spp.), 
goldenrod  {Solidago  spp.),  and  needle  grass  {Juncus  spp.)  among  the  other  prevalent 
plants.  The  increased  plant  diversity  had  a  positive  impact  on  the  small  mammal 
abundance.  Numerous  studies  have  noted  the  increase  in  small  mammal  species 
richness  and  abundance  in  early  successional  habitats  such  as  pine  plantations  (Mengak 
and  Guynn,  2003;  Mengak  et  al.,  1989;  Atkeson  and  Johnson,  1979).  On  the  contrary, 
the  control  field  was  almost  exclusively  a  fescue  community  with  a  thick  sod  and  little 
bare  ground.  Likewise,  there  were  few  if  any  signs  of  mammal  tunnels  in  the  thick 
vegetative  mat. 

While  my  study  lacked  replication,  it  seems  evident  that  both  the  lack  of  disturbance 
and  plant  community  structure  in  the  treatment  field  contributed  to  the  observed 
differences  in  small  mammal  capture  index.  Future  studies  should  be  conducted  to 
more  clearly  separate  the  individual  effects  of  plant  community  composition  and 
structure  on  the  small  mammal  community. 
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